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@ For the new Holland-America Line 
Pier in New York, 6,021 
concrete slabs were 


prestressed 
used in order to 
heavy ulti- 
deck of minimum 
thickness (12”) resting on widely-spaced 
stringers 


accommodate extremely 
mate loads on a 
20’ apart). Design loads ran 
as high as 600 pounds psf. 


Slab production and placement —a joint 
venture of CORBETTA CONSTRUCTION 
Co., Inc. and PRECRETE, INC. (both of 
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(Above) New Flagship Rotterdam at 
Pier 40 on maiden voyage. Pier will 
have all-concrete superstructure. 
(Left) Typical slab being unloaded on 
pier deck. Most slabs measured 5’ x 


20’ x 12”; weighed 7% tons. 


New York 
through an extremely cold Winter. De- 
pendable ‘Incor’ High Early Strength 
Cement was used in an 8-bag, steam- 


continued at a high rate 


cured, 5000-psi concrete, with stress- 
release strength specified at 3500 psi. 
285 special 6000-psi slabs were released 
at 4650 psi. 
generally attained in 15 hours. Joints 


Release strengths were 


were concreted with 3750-psi ‘Incor’® 
concrete, permitting loaded trucks to 
in two days. 


ride over deck sections 
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Coming next month 
in the JOURNAL 


Epwarp K. Rice and FeLtix KuULKA open the February 
issue with an explanation of the “Design of Pre- 
stressed Lift Slabs for Deflection Control.” 


Coauthors Rocer D1az DE Cossio and CHESTER P. SIEsS 
present a research paper on “Behavior and Strength 
in Shear of Reinforced Concrete Beams and Frames 
Without Web Reinforcement.” 


HENRY TOENNIES describes research conducted to 
develop a process of “Artificial Carbonation of Con- 
crete Masonry.” 


A rational analysis for determing the “Distribution 
of Torsion and Bending Moments in Beams and Slabs 
Connected Together” is presented by M. A. Gouna. 


Major factors influencing the “Shrinkage and Creep 
of Concrete” are set forth by Ince Lyse. Author in- 
cludes formulas for calculating shrinkage and creep 
with a fair degree of accuracy. 








Photographs courtesy Celso Carbonell 
On the Cover—Apartment building in the La Cresta 
section, Panama City, Panama. Each floor of this all 
concrete structure is a separate apartment. Concrete 
was selected for its function and durability in this 
tropical climate. Penthouse is roofed with a hyper- 
bolic paraboloid. Architect was Calvin E. Stempel; 
structural engineer was Diego E. Pardo, Jr. 
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The Manual of Standard Practice for Detailing Reinforced 
Concrete Structures (ACI 315-57) incorporates under one cover 
the previous separate editions on detailing of buildings and high- 
way Structures. It is a correlation of the latest improved 
methods and standards for preparing drawings for the fabrication 
and placing of reinforcing steel. Sections on detailing and fabri- 
cating shop practice are translated into practical examples in 
typical drawings. Spiral bound to lie flat, it is the only publication 
of its kind in English and is meeting wide acclaim among de- 
signers, draftsmen, and engineering schools. 
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Titic Ne. 56-34 


Evaluation of Concrete and 


Mortar Mixes 


By WILLIAM A. CORDON 


Properly proportioned concrete mixes should be designed to produce 
(1) quality, (2) workability, and (3) economy. Required quality and ade- 
quate workability are mandatory, but to completely evaluate a mix, its cost 
should be considered. 

Useful information regarding concrete can be obtained by evaluating 
concrete mortars. This is accomplished by evaluating the mortar from con- 
crete mixes and correlating with concrete tests. New laboratory apparatus 
used in the study of concrete mortars is discussd. 

Test results are included in which the following were evaluated: (a) aggre- 
gate grading, (b) aggregate particle shape, (c) portland cement, (d) poz- 
zolans, (e) admixtures, and (f) water-cement ratio. 


GH PerrorMANce OF CONCRETE sTRUCTURES is dependent on the quality of 
the concrete used. Concrete quality is generally established by its 
strength and durability, but in special cases permeability, volume 
change, thermal properties, and resistance to chemical attack may be 
important. Although quality is the most important characteristic of con- 
crete, and to a large extent controls concrete proportioning, it is not the 
only characteristic which must be considered to properly evaluate a 
concrete mix. 

The usefulness of concrete as a construction material is determined 
primarily by its (a) quality, (b) workability, and (c) economy. Concrete 
must be sufficiently workable to be properly placed or the potential 
quality of the concrete may be lost. It is also important to consider the 
comparative costs of concrete mixes. 

Since the cost of concrete construction generally exceeds the cost of 
materials used, an “extra bag of cement” in concrete may be considered 
extra insurance of minor importance as far as the cost of the structure 
is concerned. For large massive structures, however, only a few cents 
difference in the cost of a cubic yard of concrete can amount to hundreds 
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of thousands of dollars. For centralized concrete plants which handle 
increasingly large volumes of concrete, small differences in the cost of 
a concrete mix may be important in the final margin-of-profit for the 
operation. 

Concrete mortars consist of all the ingredients of a concrete mix with 
the exception of the coarse aggregate. A comparative evaluation of many 
of the characteristics of concrete may, therefore, be made using concrete 
mortars. Laboratory equipment has been developed which is sensitive 
to small changes in the consistency of concrete mortars. 

Extensive investigations can be made and valuable test data obtained 
using mortar tests. Extensive concrete tests may not be practical when 
only small samples of material are available, laboratory facilities and 
personnel are limited, or funds are not available. 

This paper proposes methods and laboratory equipment to evaluate 
concrete mortars. Test results with mortars are correlated with concrete 
tests and methods are suggested for presenting these results for evalua- 
tion of concrete and mortar mixes. 


CONCRETE MORTARS 


Concrete is composed of mortar with coarse aggregate added as an 
economical filler material. It is axiomatic that with a given coarse 
aggregate, the workability and quality of mortars will determine, to a 
large extent, the workability and quality of resulting concrete. It has 
been found that the grading, particle shape, and general characteristics 
of the sand fraction of aggregate may influence the workability of a 
concrete mix more than the grading, particle shape and general charac- 
teristics of the coarse aggregate. 

Comparative tests on workability, water requirement, hardening 
characteristics, and quality of concrete mortars will provide valuable 
information regarding, (a) the influence of gradation and particle shape 
of sand; (b) the fineness, water requirement, and strength producing 
characteristics of cements and pozzolans; (c) the influence of admix- 
tures; and (d) effect of temperature, mixing time, and other miscellaneous 
variables. Properties of concrete which cannot be evaluated with mor- 
tars include; (a) the influence of grading, particle shape, and quality of 
coarse aggregate; and (b) the percentage of mortar of a given work- 
ability required to produce concrete of a given slump. 





CONCRETE AND MORTAR MIXES 


Evaluating concrete mortars 


The quality of concrete mortars may be determined by strength and 
durability tests in accordance with ASTM standards. The method for 
measuring the consistency and workability of mortars described in ASTM 
C 109-54, using the flow table described in ASTM C 230-55T, is not suit- 
able to measure workability of concrete mortars, since a mortar in a 
concrete mix is much wetter than the mortars prescribed in the ASTM 


tests. It is necessary, therefore, to 
use a test method sensitive to 
changes in consistency of concrete 
mortars with a sufficiently wide 
range to include mortars found in 
concrete having slumps ranging 
from 0 to approximately 8 in. 


A cone penetrometer, Fig. 1, has 
been developed in the laboratories 
of the Portland Cement Association 
and Utah State University. This 
device, which is a modification of 
the Vicat apparatus, shows promise 
in measuring workability and con- 
sistency of concrete mortars. The 
frame is raised 2 in. from the plat- 
form to provide room for the cone. 
The indicator scale is divided into 
millimeters and consists of a ma- 
chinists scale mounted on the 
frame. The cone is made of stain- 
less steel (or aluminum), 15¢ in. in 
diameter at the large end, 35 in. 
long, and blunted to a bullet point 
a distance % in. from the point, 
making a completed length of 3% 
in. The cone is hollowed out and 
threaded to a stainless steel tube 
so that the total weight is 400 g 
when using a stainless steel cone 
and 200 g with the aluminum cone. 
The container used is the standard 
400 ml measure designated in 
ASTM C 185. 


Fig. |—Cone penetrometer for meas- 
uring consistency and workability of 
concrete mortars 
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Test procedure 
The following testing procedure was found to be the most successful: 


a. Compact the mortar in the container in 3 equal layers, tamping each layer 
33 times in the following sequence. The first 5 tamps through the center of the 
container from one outside edge to the opposite side. Three additional tamps on 
each side of and parallel to the first 5 tamps. Rotate the container 60 deg and 
repeat. Rotate the container another 60 deg and complete the tamping. 


b. Strike off container with a sawing motion using a sharp straightedge held 
perpendicular. 


c. Raise the penetration cone and slide container underneath until the point 
of the cone rests on the edge of the container. Tighten the set screw just enough 
to hold the cone and move the zero point of the scale opposite the indicator. 


d. Center the container under the cone and release the cone with a swift 
definite turn of the set screw while holding the container firmly with the left 
hand. 


e. Record denth of penetration in millimeters. 


Laboratory tests on mortar, screened from a concrete mix having 1-in. slump, 
showed a penetration of approximately 50 mm when using the 200 g aluminum 
cone while mortar from concrete having a 6-in. slump showed a penetration of 
approximately 80 mm. For standard mortars used in testing cements, ASTM 
C 109-54, the heavier stainless steel cone gives a better range when evaluating 
the consistency of these stiff mortars. 


Explanation of the use of terms 


Although other important properties, in addition to strength, determine the 
quality of concrete, for the sake of simplification in this paper quality will be 
measured by the strengths of mortar cubes and concrete cylinders. Strength, 
durability, and other desirable characteristics of concrete vary with the water- 
cement ratio, however, and therefore correlate with each other for particular 
materials. A more complete presentation of the proposed method of evaluation 
would include curves showing durability factors treated in much the same way 
as strength. 

Workability of mortar and concrete is measured by penetration and slump 
tests. These tests do not measure all of the characteristics of workability, and 
may not measure the same properties of workability. Each varies with the con- 
sistency, however, which for practical purposes is generally considered synony- 
mous with workability for any particular concrete. Consistency and quality 
vary with the water content for a given amount of cement and hence provide 
correlation between workability and quality. 

Cost of concrete is determined by the bags of cement used. The “efficiency” 
of a concrete mix on a strength-cost basis is the amount of strength produced 
for a given amount of cement and is expressed as psi per pound of cement per 
cubic yard of concrete or psi strength per gram of cement per liter of mortar. 
The efficiency computed for either concrete or mortar is about the same magni- 
tude. In the same manner durability efficiency could be expressed as cycles of 
freezing and thawing to failure per pound of cement per cubic yard of concrete. 
Tests are not yet available to demonstrate durability efficiency. 
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MORTAR TESTS 


The following results of laboratory investigations illustrate the use of 
the penetrometer in evaluating influence of sand grading, different 
sands, cements, pozzolans, and admixtures on the properties of mortars. 


Grading of sand 


To provide a wide variation in sand grading, a commercial sand was 
separated into various seive sizes and recombined to produce fineness 
moduli ranging from 2.00 to 3.02. Fig. 2 shows the results of tests made 
with these sands when mixed in mortars. The lower portion of Fig. 2 
shows the depth of penetration of the cone penetrometer at different 
water contents for mixes made with each sand. The upper part of Fig. 2 
shows the comparative strength of mortars made with different sand 
gradings and different water contents. At a penetration of 60 mm, the 
water requirement of the several sands varies from 268 to approximately 
306 mm per liter of mortar. This corroborates previous findings which 
show that the water requirement of mortar mixes decreases as the grad- 
ing of sand becomes coarser. The strength tests show the greater strength 
producing properties of properly graded sand with lower strength for 
very fine and very coarse sands. 

Test data plotted in the above manner provide a convenient method 
for evaluating various properties of mortar mixes. By moving horizon- 
tally the various sands may be evaluated for strength and water require- 
ment at the same workability. By moving vertically the same data can 


| 
| 
| 


28-Say Strength (242 weh Cubes) 
7 


o“, ee 
Sand A 
-, Send 8 


Depth of Penetration mm (coo gm needie) 


Depth o&f Penetration mm ( 200 gn needie) 


ater ontent | per ter of ortar = ~ soc Led 7m a” ” 
Water Content - mi per Wter of Mortar 


Fig. 2—Evaluation of the influence of Fig. 3—Evaluation of two commercial 
sand gradings in mortars sands in concrete mortars 
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be used to evaluate workability and strength for the same water-cement 
ratio. A constant cement content was used in all mixes of each series. 


Evaluation of two commercial sands 


Test results shown in Fig. 3 are used in evaluating two commercial 
sands. Such an evaluation may be made to check the comparative value 
of available materials and shows water requirement and strength pro- 
ducing ability without testing grading, particle shape, or other physical 
characteristics. Fig. 3 indicates that Sand A requires 302 ml of water 
per liter of mortar while the Sand B requires 319 ml or about a 6 
percent increase. The comparative efficiency of these two sands in 
producing strength either at equal consistency or equal water-cement 
ratio, is also indicated in Fig. 3. At a 60 mm penetration and equal 
cement contents Sand A produced 7100 psi while Sand B produced only 
6570 psi. 


Cements and pozzolans 


Two important criteria used in evaluating cements and pozzolanic ma- 
terials is their water requirement and ability to produce strength. Fig. 4 
and 5 illustrate how the proposed method of evaluation can be used to 
determine these characteristics for cements and pozzolanic materials. 

Fig. 4 shows the relationship between the workability, the water re- 
quirement, and the strength of mortars containing two Type I cements. 
From these tests an accurate quantitative comparison can be made of 
the water requirement and strength at the same (60 mm) penetration. 








Cement A Cement B 


Water requirement, 
ml per 1 


Strength, 
psi 


As mentioned previously one of the valuable aspects of the proposed 
method of evaluation is that by intersecting the curves horizontally, 
comparison is made between cements at the same workability (penetra- 
tion), as indicated in the above table. If on the other hand a vertical line 
intersects the data, a direct comparison is made between cements at the 
same water-cement ratio. 

Test results obtained when four pozzolans were used in mortars are 
shown in Fig. 5 (25 percent by weight). At a 60 mm penetration the 
water requirement of these various pozzolan mixes varied from 258 ml 
per liter of mortar to 270 ml per liter of mortar. 

The comparative efficiency of each of these materials in producing 
strength after 180 days moist curing is also indicated in the upper portion 
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Fig. 4—Evaluation of two Type | ce- 
ments with standard graded sand 


(an2 Cubes) 


7-Day Strength 


of Penetration mm (400 gn needie) 


Dept 


of Fig. 5. The pozzolans may also be evaluated on the basis of either a 
given consistency or a given water-cement plus pozzolan ratio. 


Admixtures in concrete mortars 


Evaluation of admixtures used in concrete may be complicated, de- 
pending on the air-entraining properties of the admixtures, since all the 
characteristics of concrete, including the volume of mix, may be changed 
when admixtures are used. Comparative efficiency of concrete mortars 
provides a valuable tool for quantitative evaluation since the basic char- 
acteristics of quality, workability, and economy are considered for an 
equal volume of mortar rather than equal mix proportions. 


Test results of mortar mixes in which air-entraining agents and water- 
reducing agents were used are illustrated in Fig. 6. These results show 
the water reduction accomplished when Admixture A, a water-reducing 
agent, is used and also the further reduction in water when Agent B, 
an air-entraining agent, is also used. The 7 day strength tests indicate 
higher strength at lower water contents (water-cement ratio) and also 
illustrate the effect of the air-entrainment in reducing strength at a 
given water-cement ratio. 


Strength efficiency (psi per g per 1), plotted on the ordinate at the 
right, are also shown in Fig. 6. This illustrates that the efficiency of 
air-entrained concrete in producing strength may not be decreased, as 
indicated by the solid lines, when the volume of batch produced is con- 
sidered. In other words, the cement in the air-entrained mortar must 
provide strength for a larger volume of mortar. The strength of the 
larger volume of air-entrained mortar is decreased as shown by the solid 
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Fig. 5—Evaluation of pozzolans in con- 
crete mortars 


Water 


lines, but the “strength efficiency” is not decreased as shown by the 
dashed lines. 


CONCRETE MIXES 


Concrete mixes can be evaluated much in the same manner as con- 
crete mortars. Tests for strength and durability are well established as 
methods of determining concrete quality. The most realistic procedure 
for evaluating quality is measuring the actual performance of field ma- 
terials under standard laboratory conditions. 

To obtain the greatest value from tests of concrete mortars, it is de- 
sirable to correlate these tests with tests of concrete. The slump of con- 
crete is used as the measure of consistency and workability of concrete. 
Fig. 7 gives an indication of the relationship between depth of penetra- 
tion of mortars and the slump of concrete made with these mortars. 
This direct correlation was accomplished by wet-screening mortar from 
a concrete mix of known slump and immediately measuring the depth of 
penetration. 


The accuracy of measuring slump in concrete (0 to 6 in.) is not as great 
as the accuracy of measuring penetration in mortars (0 to 9) mm). The 
slump test was not found to be as accurate in measuring small changes 
in consistency and workability. This would indicate that for some inves- 
tigations mortar tests may be superior to concrete tests. 

The following examples show how proposed methods may be used 
to evaluate various characteristics of concrete mixes. 
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Fig. 6—Evaluation of admixtures in con- 
crete mortars. Ordinates on left are for 
solid lines and ordinate on right is for 


dashed lines 


ation mm (400 gn needie) 


lenetr 


Particle shape of coarse aggregate 


Particle shape of concrete aggregate has been a topic of much discus- 
sion. It is agreed that rounded aggregates fit closer together, leave less 
voids, and that less mortar is required to produce a given workability. 
It is contended that the shape of angular aggregates contributes to 
strength of concrete because of the increased bond and shearing strength. 

Two aggregates were evaluated on the basis of equal workability 
(slump) and equal water-cement ratios. Laboratory tests shown in Fig. 
8 were made with identical concrete mixes, with the exception that the 
coarse aggregate was hand picked. One sample contained 100 percent 
well rounded pebbles while the other contained 100 percent crushed 
angular material. A constant cement content was used, but the water 
content was varied to produce slumps from approximately 1 to 6 in. 
The results of these tests indicate that for a 4 in. slump, rounded aggre- 
gate required approximately 312 lb of water per cu yd, whereas the 
angular aggregate required approximately 342 lb of water per cu yd. 


Fig. 7—Correlation between slump of 

concrete and depth of penetration. 

Mortar wet screened from the concrete 
mix 
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— Fig. 8—Evaluation of crushed and 
rounded coarse aggregate in concrete 
soo} iced mixes—constant cement content 
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Without analyzing this information further, it could be assumed that at 
the higher water-cement ratio, the crushed aggregates produced an 
inferior concrete. In the upper portion of Fig. 10, the compressive 
strength of each mix is also plotted against the water content. Pre- 
sented in this manner, the tests demonstrate that at a given water con- 
tent, (water-cement ratio) the crushed aggregates produce higher 
strength concrete, of a much lower slump. For concretes of equal work- 
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Fig. 10—Retention of plasticity of port- 

land cement pastes with 50 percent 

water: Cements A, B, and C are known 

to have false setting tendencies. Ce- 

ment D is a Type | cement in current 

production (courtesy of the Portland 
Cement Association) 








Elepsed Time After Mixing - Hours 


ability, (4-in. slump) there is little difference in the compressive strength 
of concrete made with rounded and crushed angular aggregates. This 
would corroborate the contention that at a given cement content and 
consistency, crushed and rounded aggregates produce comparable 
strengths. The higher water-cement ratio (lower quality paste) re- 


quired for crushed aggregates, to produce a given slump, should not be 
ignored. To completely evaluate these aggregates, durability tests as 
well as strength tests should be considered. 


Admixtures 


Tests made to evaluate the effect of water-reducing admixtures in 
concrete are illustrated in Fig. 9. For a slump of 3 in. a reduction in 
water from 302 lb per cu yd to 272 lb per cu yd, is indicated. At this 
consistency an increase in strength from 2600 psi to 3500 psi is indicated 
by using the admixture. Moving vertically at the same water-cement 
ratio, the mixes with and without admixtures indicate comparable 
strength, but about 4 in. difference in slump. 


Premature stiffening of portland cement pastes 


Test results (Fig. 10) are not included as part of the discussion on evalu- 
ation of concrete and mortar mixes, but show another possible applica- 
tion for the cone penetrometer. In this case, portland cement pastes con- 
taining 50 percent water by weight of cement were checked for depth 
of penetration at periodic intervals. 

Pastes made with cement known to have false setting characteristics 
showed an immediate loss of penetration. Loss of penetration, therefore, 
provides a quantitative measure of premature stiffening tendencies at 
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any time interval. It is also interesting that there is a distinct differ- 
ence between the shape of curves produced by Cements A, B, and C, 
although all have false setting tendencies. One superior consideration 
of this method of indicating premature stiffening is the fact that cement 
paste can be tested at a water-cement ratio commonly used in concrete 
mixes. 


Discussion of this paper should reach ACI headquarters in triplicate by 
Apr. 1, 1960, for publication in the Part 2 September 1960 JOURNAL. 





Title No. 56-35 


Effect of Design and Details 


on Concrete Deterioration 


By P. D. MIESENHELDER 


Features of design or of construction of a concrete structure often are im- 
portant contributing causes of concrete deterioration. Primarily, deteri- 
oration is a result of freezing and thawing. Such deterioration is often 
thought of as a consequence of the number of times freezing and thawing 
occurs, but in the examples pictured the major factor is the high degree 
of saturation which existed at the time of freezing. This high degree of 
saturation is usually a consequence of inadequate or no drainage provisions 
at critical points. This paper consists essentially of pictures of structures 
from a large area which illustrate examples and the wide extent of occurrence. 


THE DESIGN OF A CONCRETE STRUCTURE often establishes conditions which 
result in deterioration of the concrete. When deterioration is observed, 
naturally it is considered a weakness or shortcoming of the material. 
But this conclusion is confusing when it is observed that other portions 
of the same structure are in excellent condition and especially when it 
is obvious that the two portions were of the same materials and placed 
at the same time. As more and more structures are examined, even if 
built in different localities, of different materials, and in different years, 
it becomes apparent that there is a similarity of conditions existing 
where deterioration is evident. Primarily the deterioration is the re- 
sult of freezing and thawing. The difference between the affected and 
unaffected parts results from the amount of water absorbed and the 
difference in absorption results from features of the structure. Where 
water is continuously available to the concrete for too long a time, such 
as results from inadequate or improper drainage, high absorption occurs. 


FACTORS AND CONDITIONS 


To understand why such conditions account for the difference between 
affected and unaffected parts, it is only necessary to remember certain 
established facts. It is recognized that when liquid water changes to 
ice an expansion occurs and if confined the force developed by the ex- 
pansion is of a magnitude much greater than the strength of most ma- 
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terials. For such force to be developed, a space or cavity must be filled 
or nearly filled’ with water. For concrete the degree to which space or 
voids are filled with water is dependent on conditions which have pre- 
vailed. It is the prevailing conditions which are important in account- 
ing for what occurs. 

Perhaps various artificial conditions might be arranged which would 
produce a high degree of saturation. For example, vacuum saturation 
can so completely fill the void space with water that damage to the 
concrete occurs with only a few exposures to freezing.” But natural, 
not artificial, conditions are involved in the examples to be illustrated. 
The degree of saturation which contributed to deterioration results from 
continued contact with water. As a measure of absorption of concrete, 
standard test methods usually determine the amount of water absorbed 
during 24 hr of immersion, but that is by no means all of the water that 
can be absorbed. If the length of time of immersion is increased, so is 
the amount of absorption increased even though it may be at a de- 
creasing rate. This is true even for dense materials.* The water which 
is absorbed during longer exposure may be extremely small in quantity, 
but critical when the concrete is exposed to freezing. This is because 
the voids may be filled beyond that point where there is sufficient space 
remaining to allow for the volume increase which occurs when the water 
is converted to ice. Confined, the force exerted by the expanding ice 
will rupture the concrete. This explanation may appear so simple that 
it seems elementary, but it often accounts for the deterioration which 
has occurred. 

The feature which is common in all such cases is the presence of water 
for periods of time sufficient to produce an almost saturated condition 
of the concrete. Such conditions result from the design or construction 
and might be summed up as inadequate or improper drainage. A level 
surface, and not necessarily of extensive area, can cause trouble if 
there is a slow discharge of water onto it. The discharge may be either 
a slow continuous flow or an intermittent flow. Vertical construction 
joints and expansion joints may admit water more readily than they 
permit the escape of the water, in which case conditions favorable to 
high absorption are provided. In such cases there is little or no loss of 
water by evaporation and whatever water gains entrance is accumu- 
lated, thereby maintaining a wet condition for absorption during a longer 
time. 





DETERIORATION 


Fig. | (upper left)—Over-all view of 
grade separation 


Fig. 2 (above)—Top of left-hand bent 
in Fig. |. Water entered joint in deck, 
continuing between diaphragms 


Fig. 3 (left) —Top of the second bent in 
Fig. |. Result of water in joint 


Conditions which result in a slow or intermittent flow of water are 
more common than seems to be generally recognized. One example 
would be a ballasted deck railroad bridge. Water enters the ballast 
readily, but it may drain from it slowly. Wet areas at the low or dis- 
charge point can be found for days after a rain. Another example, and 
one not restricted to the service of the structure, is water released from 
the melting of snow or ice. Melting may occur slowly during the day- 
light hours for several days and on level surfaces a thin layer of water 
is maintained during an extended time permitting a high degree of 
absorption. Should the surface drain into a crack or joint, as often hap- 
pens, there are provided conditions for high absorption. If there is 
no outlet to the joint or only a restricted outlet the water may accumu- 
late until a small hydraulic head exists. 

These remarks are only preliminary to photographs of some bridges 
illustrating the conditions described. The convincing evidence is that 
the location and the type of deterioration is often repeated. Included in 
the examples are bridges as far east as Pennsylvania and as far west as 
Wyoming and Montana with a majority being in Indiana and Illinois. 


DETERIORATION EXAMPLES 


Fig. 1 is a general view of the first structure to be examined. Close- 
ups of two of the four bents are shown in Fig. 2 and 3. There is a 
joint through the deck slab which continues between the diaphragms 
at the ends of the beams. Water entering the joint reaches the bent 
cap where freezing and thawing deterioration occurs because of the 
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Fig. 5—Deterioration of cap and beams. 
. Se Bituminous material as applied would 
Fig. 4—Deterioration of cap end beam accelerate rather than retard deteri- 


as a result of water in joint oration 


Fig. 6—Deterioration of cap 
and beams as a result of 
water in joint 





Fig. 7—Construction similar to that in 


Fig. 6 but openings in alternate dia- 


Fig. 8—Concrete deck on steel beams. 
Water entering joint at right contrib- 
Though watermarked, concrete is sound uted to deterioration 


phragms permitted escape of water. 





DETERIORATION 


high moisture content in the con- 
crete. Much of the spalling to be ob- 
served is due to causes other than 
freezing and thawing. The extent of 
the freezing damage is indicated by 
the discolored cracks. 

A different structure of similar 
construction is seen in Fig. 4. The 
The bottom of two beams show de- 
terioration near the cap and the ef- 
fect of water and freezing is evi- 
dent on the cap. Another structure 
of the same type is shown in Fig. 5. 
Deterioration is evident in the dia- 
phragms, on the bottom of the 
beams, and on the cap. The bitumi- 
nous material, as applied, would 
not prevent the entrance of water 


Fig. 9— Deterioration in bent occurs 
where water came from above 


into the concrete, but would retard the escape of water by sealing the 
surface. This would tend to accumulate and increase the moisture in the 
concrete and hence would accelerate rather than retard the deterioration. 


Clearly evident in Fig. 6 is deterioration in the diaphragms, beams, 
and the cap which results from water in the joint back of the diaphragms 


r 


and above the cap. In Fig. 7 
openings were formed in alternate 
diaphragms which permitted the 
escape of water. Though the cap is 
discolored by water which drained 
through the openings, the concrete 
is sound. 

In Fig. 8 a concrete deck is sup- 
ported on steel beams. At the right, 
above the pier, can be seen an ex- 
pansion joint. Deterioration caused 
by the freezing water which had 
been absorbed from the joint can 
be seen in the bottom of the slab. 

Fig. 9 and 10 are two bents of the 
same structure. In Fig. 9 leakage is 
clearly evident and cracks which 
have developed are at or below the 
bearing where water escapes from 
the joint above. At the upper right 


a similar construction is seen except that 


Fig. 1|0—Same structure as Fig. 9. Note 
that upper portion of column which was 
free of water from joint is sound 
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Fig. ||—Water from joint 

between spans and near 

curb line contributed to de- 
terioration 


of the photo (Fig. 9), notice that there is an air space between te top 
portion of the column and the outside beam. In Fig. 10 there is evidence 
of leakage and subsequent deterioration, but notice the upper part of 
the column above the bearing. Because of the air space and the hand- 
rail post above, this concrete was not wetted by leakage and is undam- 
aged. 

Fig. 11 is a bent supporting one end of a steel span and a concrete span. 
The roadway above drains to the sides and at least half of the steel 
span drains toward the concrete span. The joint between the spans has 
permitted water to drain onto the supporting concrete with the result 
shown, in the picture. 

The column in Fig. 12 supports the upper level of a two-level rail- 
way station. Damage occurred to the column as a result of leakage 


Fig. 12— Deterioration from leaking 
water before effective collection sys- 
tem was installed 





DETERIORATION 


Fig. 13—Deterioration of caps below joints between precast slabs (reconstruction 
in progress) 


from above and subsequent freezing before the installation of a col- 
lection system. 

Fig. 13 shows deterioration, resulting from freezing and thawing, on 
the ends of the caps which support precast slabs of a railway trestle. 
Water draining from the ballast escapes through the transverse joint 
between the slabs contributing to this condition. (Reconstruction was 
in progress when this picture was taken.) There were two precast slabs 
in each span resulting in a longitudinal joint between them. Fig. 14 is 
a view of the underside of this joint. Here again water draining from 
the ballast produces high moisture content in the concrete with damage 
resulting when freezing occurred. 

Fig. 15 is a pier of a railway precast slab bridge. Water draining from 
the ballast has found its way through the transverse joint above the 
pier. The resulting high absorption followed by freezing damaged the 
concrete. 

An over-all view of a steel girder span with precast concrete slab 
approach spans is shown in Fig. 16. Fig. 17, taken from the left of the 
bridge, shows deterioration of the pier cap and the edge of the precast 


Fig. 14— Deterioration on 

bottom of precast slabs at 

longitudinal joint from leak- 
age through joint 
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Fig. |5—Pier deterioration below trans- 
verse joint between precast slabs 


January 1960 


slab. Water from the track has 
drained over the curb cf the slab 
and this, combined with freezing, 
produced conditions as shown. A 
similar situation occurs at the oth- 
er end of the bridge. 


Piers of a structure carrying a 
highway over a highway are shown 
in Fig. 18. Here again leakage at 
the joint over the pier, especially 
near the curb line, contributes to 
deterioration that occurs below. 


Fig. 19 shows an abutment of a 
steel girder span. Unfortunately 
adequate provision was not made 
for all the drainage from the deck. 
Some leaked down onto the bridge 
seat with the result that there was 


produced a high moisture content 


in the concrete and with freezing the condition in the picture resulted. 


LESSONS TO BE LEARNED 


A question might be asked—was air-entrained concrete used in any 


of these structures? For one reason or another, it is fairly certain that 
none of them were built with air-entrained concrete. It would be con- 
servative to believe that had concrete with proper air entrainment been 
used the deterioration observed would at least be much less, in some 


instances perhaps nonexistent. 


But to correct the basic cause of the 


trouble, adequate drainage or waterproofing should be provided. 


The purpose of this paper was to illustrate and point out the cause 


Fig. 16—Over-all view of 
structure with precast ap- 
proach spans 





DETERIORATION 


ee me P 
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Fig. 17—View from left of pier in Fig. 
16 in transverse joint 


Fig. 18—Damage as a result of water 


of instances of deterioration which are all too common. An extremely 
high moisture content in the concrete contributes to damage when ex- 
posed to freezing and such high moisture content often results from 
lack of or inadequate provisions for drainage. Preventative measures 
would include avoiding cesigns that would pond or retain water, pro- 
viding sloping surfaces which will drain readily, and the use of water- 
proofing or adequate sealing where needed. 

It is hoped that this presentation may afford more general recognition 
of a condition which contributes to concrete deterioration and thereby 
be helpful to others in avoiding such conditions in future construction. 


Fig. 19—Deterioration of bridge seat 
caused by drainage from structure 
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Title No. 56-36 


Design of Beams Subject to 
Torsion Related to the 
New Australian Code 


By HENRY J. COWAN 


Formulas, accompanied by examples, are presented for determining 
torsional shear stresses, diagonal tensile stresses, and angle of rotation 
for plain rectangular and circular beams, T-, L-, and |-beams, with flanges, 
and for rectangular box sections. (Most of these equations are included 
in the new Australian building code.) 

Examples and formulas are also given for determining the amount of 
torsion reinforcement required for both circular and rectangular beams. 
The relative qualifications and limitations of these formulas are dis- 
cussed. The final part of the paper discusses maximum permissible stresses 
in torsion, combined torsion and shear, and combined torsion and bend- 
ing. An annotated bibliography on the torsional strength of concrete is 
appended. 


BH Torsion ts ALMosT INVARIABLY a secondary effect in reinforced con- 
crete buildings, and the subject has not therefore received the same 
attention as bending, transverse shear, or compression. Nevertheless, 
at least 12 experimental investigations are on record’** and some in- 
volved the testing of a large number of full-size specimens. There is 
now sufficient information available to design concrete beams subject 
to torsion with due regard to both safety and economy, and the new 
Australian concrete code* includes, in Rule 615, provisions for the de- 
sign of sections subject to torsion. 

Torsion results essentially from the monolithic character of concrete 
construction. Thus any asymmetry in the loading of a floor slab pro- 
duces torsion in the supporting beams. The twisting moments may exer- 
cise a controlling influence over the design of major edge beams, as in 
the case of the Waterloo Bridge** and the Royal Festival Hall balcony."* 


*Australian Standard Rules for the Use of Normal Reinforced Concrete in Buildings, Stand- 
ard Association of Australia, Sydney, 1958, 109 pp. 
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Fig. | — Rectangular frame 
used in a vertical and in a 


horizontal position 
Frame A, used as a portal frame, is 
subject to combined bending and 
> compression, while Frame B, used 


as a balcony beam, is subject te 
Fy combined bending and torsion 











Perhaps more important is the girder with a horizontal projection. 
The frame shown in Fig. 1 would, if used in the vertical position, be 
subject to combined bending and compression; used in the horizontal 
position, as a balcony beam for example, it becomes subject to combined 
bending and torsion. Reinforced concrete beams with appreciable hori- 
zontal projections are quite feasible if suitably designed for torsion. 
Perhaps the most striking example of torsion is the helical staircase, 
which has recently been revived in reinforced concrete after a long 
period of neglect. 


CIRCULAR AND RECTANGULAR PLAIN CONCRETE BEAMS 
Circular beams 


Although circular concrete beams are extremely rare, the circular 
section is the only one for which a simple solution of the torsion prob- 
lem can be obtained, and it is therefore briefly discussed. 

Experiments show that when a circular section is twisted, plane sec- 
tions remain plane, and the shear strain is therefore directly proportional 
to the distance from the neutral axis. Since, by definition, the shear 
stress equals the shear strain multiplied by the shear modulus of elas- 
ticity, the shear stress is also proportional to the distance from the 
neutral axis (Fig. 2). Consequently the torsional shear stress at some 


Fig. 2—Qjstribution of torsional shear 
stress MiAhe circular section 
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distance r from the neutral axis is 


r 
Di = Vt maz 
t t a 4D 


This stress acts on an element of circumference 2ar and thickness dr, 
so that the area of the element is 2ar x dr. The torsional moment of 
the element about the neutral axis is the product of the stress in the 
element, the area on which it acts, and the distance r of this area from 
the neutral axis. The total twisting moment 


D* 
16 


mM. =| ‘D (1) 


, 
2aT * Uimes “Tp T dr = VU: mes X 
2 


0 


where D is the diameter of the section, and v;,,., is the maximum tor- 
sional shear stress, which occurs at the periphery of the circle. 


Rectangular beams 


The problem of the torsion of noncircular sections is complicated by 
the warping of originally plane cross sections during twisting (Fig. 3), 
which produces axial as well as circumferential shear stress. The gen- 
eral theory of torsion is credited to St. Venant,* who also computed 
the numerical values of the principal torsion functions required for the 
design of several cross sections, including the rectangular section. 

In a rectangular section the torsional shear stresses are nil at the cor- 
ners and at the centroid of the rectangle. The maximum shear stresses 
occur on the periphery at the middle of the sides, the absolute maximum 
being at the middle of the longer sides of the rectangle 


U1 mez = YXG-t (2) 


where x = length of shorter side of rectangle 
= length of longer side of rectangle 
y = a function of the ratio y/x 
e = shear modulus of elasticity of concrete 
= angle of twist, measured in radians per unit length 


The twisting moment 


M,=62*yG.t 
where 6 is another function of the ratio y/z. 


*M. de Saint-Venant’s original paper (Memoires presentes par Divers Savants a l’Academie 
des Sciences de l'Institut Imperial de France, V. 14, Second Series, 1856, pp. 223-560) is now 
difficult to obtain. An account of St. Venant’s theory can be found in most textbooks on the 
mathematical theory of elasticity, e.g., A. E. H. Love.“ Some textbooks on the strength of 
materials give a summary of the theory, e.g., S. Timoshenko.’* 
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Combining Eq. (2) and (3) 


M;: — ax y Vit maz (4) 


where a = 6/y. 


The numerical values of a, 8, and y are given in Table 1. 

Since the horizontal and vertical shear stresses must be the same, 
this equation gives the magnitude of both. 

The diagonal tensile stress is also numerically equal to the horizontal 
and vertical shear stresses. From Eq. (4) the maximum diagonal tensile 
stress in the concrete due to tension is 


M;: 
f= oxy (5) 
The value of a varies from 0.208, or approximately 1/5 for square sec- 
tions, to 1/3 for thin rectangles. For y/x = 2, a is approximately 1/4. 
The Australian code gives the formula 
5M; 
fs — a2 (6) 
i zy 


for the maximum stress due to torsion in the absence of more precise 
calculations. This formula is correct for square sections, and somewhat 
conservative for rectangular sections of the type normally used in con- 
crete construction. 


Example 1 


Calculate the maximum diagonal tensile stress in a section 12 in. wide by 24 
in. deep due to a twisting moment of 50,000 in.-lb. 





Fig. 3—Rubber model of a rectangular section subject to torsion 
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TABLE I—ELASTIC TORSION THEORY CONSTANTS FOR RECTANGULAR 
SECTIONS, INCLUDING SECTIONS WITH SHEAR REINFORCEMENT 





or a B Y i 
Yi/ri 
1.0 0.208 0.141 0.675 0.835 
1.2 C.219 0.166 0.759 0.812 
14 0.227 0.187 0.822 0.801 
1.6 0.234 0.204 0.869 0.799 
1.8 0.240 0.217 0.904 0.802 
2.0 0.246 0.229 C.930 0.807 
2.5 0.258 0.249 0.968 0.827 
3.0 0.267 6 264 0.985 0.845 
5.0 0.292 C.291 0.999 Not 
10.0 6.312 0 312 1 computed 
100.0 C.331 0.331 1.600 
a 0.333 0.333 1.000 








Using the approximate formula given by the Australian code, the maximum 
diagonal tensile stress, from Eq. (6), 


5 x 50,000 
fe 12° ~ 24 = 723 psi 


A more accurate (and lower) answer is obtained from the exact theory. For 
y/x = 24/12 = 2 the value of a (from Table 1) is 0.246. From Eq. (5) 


50,000 - . 
f= 0.246 ~ 122 ~ 24 = 58.8 psi 


Example 2 


Determine the angle of twist of the beam of Example 1 over a length of 20 ft. 
The shear modulus of concrete may be taken as 900,000 psi 


For y/x = 2, the value of B = 0.229, and from Eq. (3) the angle of rotation 


500,000 m ; , 
™= 9.229 x 12° x 24 x 900.000 = 5.85 x 10° radians per in. 


Over a 20 ft length the angle of rotation is 
5.85 x 10° x 20 x 12 = 1.40 x 10“ radians — 0.080 deg — 0 deg 5 min 


PLAIN CONCRETE BEAMS WITH FLANGES 
T-, L-, and I-sections 


Full numerical results have not so far been computed for T-, L-, and 
I-sections; however, an approximate assessment of the torsional moment 
is adequate for most practical problems. 

When the torsional moment is small in relation to the other forces 
and moments acting on the member, it may be sufficient to compute 
the torsional resistance of the web only, and neglect the outstanding 
portions of the flange. The T- or L-section is thus reduced to a rec- 
tangular section (Fig. 4). 
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L b J _ _b 4 Fig. 4—Reduction of T- and L-sections 
Ls: ARS | -z-4 to rectangular sections by neglecting 
' | the outstanding portions of the flange 
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A more accurate result is obtained from Bach’s approximation,* which 
divides the section into its component rectangles (Fig. 5). The shear 
stresses attain maximum values at the middle of the longer sides of the 
component rectangles, the absolute maximum occurring in the thickest 
rectangle. The critical torsional shear stress occurs normally half-way 
down the web, because the web is usually thicker than the flange, and 
because there is usually some transverse shear stress due to bending 
which has a maximum at the neutral axis and must be added to the 
torsional shear stress. Since y is approximately equal to 1.0 for values 
of y/x > 2, the maximum torsional shear stress in the web 


UO: mee = OG. 


where b’ is the width of the web. From Table 1 it is evident that B 
tends toward 1/3 for high values of y/x, so that the torsional resistance 
moment of a section composed of a number of thin rectangles twisted 
through the same angle t is 

M:=G.t3%42'’y 
Combining these two equations 

M, = Th Sr’y (7) 

The diagonal tensile stress is numerically equal to the horizontal and 

vertical shear stresses. Consequently the greatest diagonal tensile stress 
in T-, L-, and I-sections 


_3M.b’ 


(8) 
Sx*y 


f= 
where b’= width of web 
>x*y = sum of the terms x*y of the component rectangles 
x = smaller over-all dimension of rectangle 
y = longer over-all dimension of rectangle 


This is the equation given by the Australian code. 
In the case of the T-section and the L-section shown in Fig. 5, the 
greatest diagonal tensile stress is given by 
oe 3M,b’ 3M, 


~ b*h (b— db’) b 
b*h (>> -1) # (9) 


*Bach, C., Elastizitat und Festigkeit, J. Springer, Berlin, 1911. An account is given in many 
textbooks on strength of materials, e.g., S. Timoshenko."* 














BEAM TORSION 597 
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Example 3 


A concrete T-beam has an over-all depth of 36 in. The web is 18 in. wide, and 
the flange is 8 ft wide by 6 in. thick. Determine the maximum diagonal tensile 
stress due to a twisting moment of 200,000 in.-lb, using the approximate formula 
of the Australian code. 


Dividing the T-section into component rectangles as shown in Fig. 5, the 
maximum diagonal tensile stress, from Eq. (9) 


fi = 3 x 200,000 600,000 


5 95 _ —47.5 psi 
18 x 36+ (45 -1)x 6 11,680 + 940 


Eq. (8) and (9) introduce two errors which tend in opposite directions 
and therefore partially cancel one another. The value a = 1/3 applies 
to a thin rectangle, whereas the web of a concrete T-beam (which con- 
tributes more to the torsional resistance moment than the flanges) 
usually has a y/x ratio between 2 and 3, corresponding to a = 1/4. This 
error is on the unsafe side. The separation of the section into its com- 
ponent rectangles ignores the “junction effect,” i.e., the additional tor- 
sional resistance due to the joints. This error is on the safe side. 


Where the member is large and the twisting moment dominates the 
design, Eq. (8) and (9) are not sufficiently accurate. Exact values of 
the torsional strength according to the elastic theory can be obtained 
either by Southwell’s relaxation method, which employs successive ap- 
proximations, or by Prandtl’s membrane analogy, which is based on the 
identity of the mathematical equations for torsion and for a membrane 
under pressure stretched over a hole of the same cross-sectional shape.* 


Prandtl’s membrane analogy gives a clear visual impression of the 
error resulting from the neglect of the “junction effect.” Fig. 6 shows a 
membrane stretched over the end part of a rectangle. There is evidently 


*Southwell, R. V., Relaxation Methods in Theoretical Physics, Oxford University Press, 1946. 

Prandtl, L., Physikalische Zeitschrift, V. 4, 19C3, pp. 758-759. The result is obtained by ex- 
periment. A hole of the same shape as the cross section of the section is cut in one side of 
a box, and a membrane is stretched over it, the best results being obtained with a soap 
film. The air pressure in the box is then increased (e.g., with a bicycle pump), and the mem- 
brane rises under the pressure. The torsional resistance moment of the cross-sectional 
shape is proportional to the volume contained under the raised membrane, and the shear 
stress is proportional to the greatest slope of the membrane. 

An account of the application of both methods to steel I-sections is given by W. F. Cassie 
and W. B. Dobie,’ who also list a number of approximate formulas, which are more com- 
plex, but more accurate, than the Bach approximation. 
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Fig. 6—The junction effect. 
Left — Membrane stretched 
over the end part of a rec- 
tangle. Right — Membrane 
stretched over the central 
portion of a long rectangle 





a loss of volume under the rectangle due to the restraint exercised by 
the end of the rectangle. If two rectangles were joined end to end, the 
volume would be increased as shown on the right in Fig. 6. A similar 
result would be obtained from joining two rectangles into a T- or L-beam. 


While the elastic theory gives the correct torsional resistance moment, 
it does not give the correct value for the maximum shear stress. A re- 
entrant corner results in high stresses over a small area near the corner 
even at low loads. Since the elastic theory is based on the assumption 
that stress is proportional to strain, the theory leads to the conclusion 
that at moderate loads the maximum torsional shear stress is far beyond 
the ultimate strength of the material. For a T-section with a perfectly 
sharp re-entrant corner the elastic theory predicts infinitely high tor- 
sional shear stresses at the corner at the lowest loads; the shear stress 
at a rounded re-entrant corner depends on the radius of curvature of 
the corner. In practice these high stresses are not realized because ma- 
terials cease to behave elastically at high stresses. In the case of a steel 
section complete redistribution of stresses at the corner occurs due to 
plastic yielding of the material at a constant stress. The yielding is con- 
fined to a small area of the section, and does not affect its general re- 
sistance to torsion. In the case of concrete, which does not yield plas- 
tically, there is, nevertheless, a substantial redistribution of stress.**:™ 

An accurate formula for the torsional strength must therefore allow 
for the relatively low values of the ratio y/x for the web of concrete 
sections, for the effect of the junction between the component rectangles, 
and for the redistribution of stress at the re-entrant corners. Although 
a number of equations have been derived which are more accurate than 
the Bach formula,'®:'’ they are all complicated and time-consuming in 
their application. 

An analysis of experiments on the torsional strength of reinforced 
concrete has demonstrated’’'* that near the ultimate load redistribu- 
tion of stress occurs not only at the re-entrant corners, but over the 
entire section. The experimental data are reasonably consistent with 
the assumption of uniform shear stress over the whole section. It is 
therefore possible to apply the plastic theory to concrete T- and L- 
beams. This results in much simpler formulas and some economy of 
material. The use of equations based on ultimate strength for the tor- 
sional resistance of T- and L-beams under working loads does not in- 
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troduce any new fundamental principles since the design of concentri- 
cally loaded columns under working loads is based on ultimate strength. 


Since it is assumed that the shear stress due to plastic redistribution 
of stress is uniform over the entire section, the plastic stress function 
is a surface of constant maximum slope which may be constructed over 
the edge of the cross section.'® If the cross section is cut out from a piece 
of cardboard or sheet metal, suspended in a horizontal position, and 
covered with sand until it spills over the edges, the natural slope of 
the sand gives a picture of the plastic torsion function. Alternatively 
it may be visualized as a pitched roof of constant slope erected over a 
building which is T-shaped and L-shaped in plan. The torsional resist- 
ance moment of the cross-sectional shape is proportional to the volume 
contained in the sand heap or under the roof, and the shear stress is 
proportional to the constant slope of the sand heap or the roof. 


The volume can be readily worked out for any shape composed of 
rectangles. The maximum diagonal tensile stress for T-sections’’ 


, M, 
‘= b”t 
% t?(b—14t)+% b*[ h —t—\b' + 0.86 pay = | (10) 
with the notation shown in Fig. 5. 
Similarly for L-sections 
tai M: 
at A, , ‘ a (11) 
1% t (b — 4t) + ly b h —t—'%b + 0.792 Le 


Example 4 


Determine the maximum diagonal tensile stress for the T-beam of Example 3, 
using the ultimate strength theory. 


Eq. (10) takes account of the junction effect and of the correct ratio of over- 
all depth to web thickness.* 


200,000 
fi= ; ‘ 18° x 6 
ly x 6° (96 — %) + lo <x 18° 36 — § — 1N4, + 0.86 18° + 6? 
200,000 — 
f:= 78x 944 162 (36-6 —6+46) — 1690 + 4630— °° PS! 


Box section 


When the twisting moment is large, a box section gives the most eco- 
nomical section. A thin tube evidently is the most efficient section for 





*Eq. (9) applies strictly only to very thin component rectangles. 
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c resistance to torsion since it con- 
r centrates the entire cross-sectional 


area in the most highly stressed 


5s 





region, and the rectangular box is 
the practical concrete section most 








closely approximating it. The tor- 
| sional strength of the tube is far 
greater than the sum of the 
strengths of its component parts, 

b’ p/ and Eq. (8) is therefore seriously 
- in error. 








The maximum shear stress in a 
thin tube is given by~’ 








M, 
Ones = “SAt 





ae) 














where M; = twisting moment 
t = thickness of the tube 
Fig. 7—Dimensions of rectangular box A = mean of the areas enclosed 
section by the inner and outer 
boundaries of the tube 





As before, the diagonal tensile stress is numerically equal to the shear 
stress. 


Consequently the maximum diagonal tensile stress at the middle of 
the larger side of the rectangular box-section shown in Fig. 7* is, 


fi=—s a (12) 
20’ (h — t) (6 — 0b’) 


Example 5 


A rectangular box section has an over-all depth of 48 in. and an over-all width 
of 36 in. The concrete walls are 6 in. thick on both the horizontal and the vertica! 
parts of the box. Determine the maximum diagonal tensile stress due to a twist- 
ing moment of 500,000 in.-lb. 

The dimensions of the section are b = 36in.; h =: 48in.; b’ = 6in.; and t = 6 in. 

From Eq. (12) the maximum diagonal tensile stress at the middle of the longer 
side of the box section is 


: 500,000 ; 
Ss = 2X6 x (48 — 6) (36 — 6) = 33-0 psi 


*The “membrane” and the “saddle roof” over a thin box-section cut-out enclose virtually 
the same volume, so that almost identical results are obtained from the elastic and the 
elastic theory. 
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Bach’s approximate formula is seriously in error for the box section. From 
Eq. (8) 


; 3M,b’ 
ft = 96*h + 2 (b — 20)8 


7 3 x 500,000 x 6 - 
w= 2x 6 x 48 +2 x 24 x 6 = 289 Psi 


TORSIONAL SHEAR REINFORCEMENT 


If concrete is twisted, it fails along a spiral line at 45 deg to the axis 
when the maximum diagonal tensile stress exceeds the tensile strength 
of the material (Fig. 8). Failure can be delayed, but not entirely pre- 
vented, by shear reinforcement crossing the lines of the potential cracks. 

The most effective reinforcement consists of a series of 45-deg spirals. 
Spiral reinforcement has, however, two disadvantages: rectangular spi- 
rals are not easily made (Fig. 9), and two series of spirals, right hand 
and left hand, are required in beams which are subject to a reversal of 
twisting moment. In practice the shear reinforcement is most conveni- 
ently provided in the form of horizontal bars and of vertical hoops, as 
in the case of transverse shear reinforcement. The hoops resist the ver- 
tical component of the diagonal tension, and the longitudinal bars resist 
the horizontal component (Fig. 10). 

Torsion differs from transverse shear in one important respect: diag- 
onal tensile stresses exist on all four faces of a rectangular section 
subject to torsion, whereas they only extend over the two vertical faces 
in a section subject to transverse shear. Consequently U-stirrups and 
bent-up bars are unsuitable for torsional shear reinforcement, and closed 
hoops, properly anchored at the ends, must be used. Inclined hoops run- 
ning in the direction of the diagonal tension on one face, would run in 
the wrong direction on the opposite face; hoops must therefore be ver- 
tical. Similarly the longitudinal reinforcement must be suitably dis- 


Fig. 8—Failure of plain concrete in 
pure torsion 
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tributed over all four faces, and the Australian code requires at least 
one bar to be placed in the corner of each hoop. 


Although circular beams are rare, and spiral reinforcement is not 
common, let us consider a circular beam reinforced with N continuous 
45-deg spirals at a pitch s (Fig. 11), since it is the simplest case of tor- 
sional shear reinforcement. If the diameter of the spiral cage is x, 


measured to the centers of the spiral bars, each spiral makes a complete 
turn over a length 


= 2% 
of the beam, and the number of continuous spiral bars 
N = l/s = xx,/s 
Then tensile force in each spiral bar is 
t=. Ge 


where f, is the (uniform) stress in the spiral bar and a, is its cross- 
sectional area. 


When a twisting moment is applied to the beam, it sets up diagonal 
tensile forces T in the spirals and diagonal compressive forces C in the 
concrete at right angles, as shown in Fig. 11. These forces form a rec- 
tangular lattice which resists the torsion. The axial components of these 
forces are equal, since there are no other forces with axial components. 


T cos 45 deg = C sin 45 deg 
Since cos 45 deg = sin 45 deg = 1/V 2, 


Tek 


a ae. thi > 


a x 


FRE AEE ATI GY “HD “Hin “ih Gil 


ers Re oe 
teas cee ia ek eae ee : 





Fig. 9—Model of rectangular ad ‘anilaiies te cage 
Spiral reinforcement is easily wound for circular beams. For rectangular beams, however, three- 
dimensional stirrups are required, and the process of manufacture is complicated, even when indi- 
vidual spiral stirrups are joined by welding as shown in this illustration 











BEAM TORSION 


Fig. 10—Vertical hoops and 
longitudinal bars used as 
torsional shear reinforce- 
ment. The longitudinal bars 
resist the horizontal compo- 
nent and the hoops the ver- 
tical component of the di- 
agonal tension 






































The moment of the circumferential components of the forces T and C 
about the axis of the circular beam (radius % x,) equals the additional 
twisting moment M,, due to the insertion of the continuous spirals. 


M:, = N(T sin 45 deg + C cos 45 deg) - %z;, 
T Cc 6 
M.=N(3 + a) - Zxr.=—N Va 
since the diagonal forces T and C are equal. 
Substituting for N and T 


The minimum area of spiral reinforcement is obtained when it is 
stressed to its maximum permissible stress. 


a, =e (13) 


In this equation a, represents the cross-sectional area of one bar or 
wire. 


Let us consider next the circular section reinforced with circular 
hoops and longitudinal bars. The diagonal tensile forces due to torsion 
are then resisted by the components of the tensile forces in the hoops 
and in the longitudinal steel in the direction of the diagonal tension, 
while the diagonal compressive forces are resisted by the concrete, as 
as in the case of spiral reinforcement. 


Fig. 11—Circular section 
with spiral reinforcement 
When a twisting moment is applied 
to the beam, it sets up diagonal 
tensile forces T in the spirals, and 
diagonal compressive forces C in 
the concrete at right angles. These 
forces form a rectangular lattice 
which resists the torsion a, — 
cross-sectional area of one bar or 
wire in the spiral cage 
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Consequently the area required for the vertical hoops 


- a, 2M :.S 
— sin 45 deg 


As = ¥ a. = fax? (14) 


In this equation a,, is the cross-sectional area of one bar or wire, i.e., 
the cross-sectional area of the material from which the hoops are made. 


The same amount of longitudinal steel is required to resist the longi- 
tudinal component of the longitudinal tensile forces. A length of beam 
s contains one hoop, which has a volume of 


AgeNDXi 


The same volume of longitudinal steel is needed in the same length of 
beam 


Asi8 = AsckE: 


In this equation A,, is the cross-sectional area of all the longitudinal 
bars, which is therefore 


(15) 


The problem of the rectangular section is much more complicated, 
partly because of the complexities of the torsion theory for noncircular 
sections, and partly because the stress in the shear reinforcement is not 
constant, as in the circular section. Provided that bond with the concrete 
is maintained, it varies with the stress in the surrounding concrete. The 
maximum steel stress then occurs in the middle of the longer sides; an- 
other smaller maximum steel stress occurs at the middle of the shorter 
sides of the rectangle, and the steel stress is negligibly small at the cor- 
ners. A solution has been obtained by equating the strain energy stored 
in the spirals and in the concrete in diagonal compression to the work 
done by the twisting moment in rotating the beam.*' This gives the fol- 
lowing area for the spiral reinforcement for rectangular beams (Fig. 12) 


V2 Mi. s 
42.f.2.y: 


‘&.= (16) 
where a, is the cross-sectional area of one bar or wire in the spiral cage, 
x, and y, are the smaller and larger dimensions, respectively, of the 
spiral cage, measured from center to center, and i is a function of the 
ratio y,/x, (Table 1). 

In practice spiral reinforcement is hardly ever used in rectangular 
beams because of the difficulty of manufacture. Vertical closed hoops 


and longitudinal bars are a more convenient form of torsional shear re- 
inforcement. 


The diagonal tensile forces due to torsion are then resisted by the 


components of the tensile forces in the hoops and longitudinal steel in 
the direction of the diagonal tension, while the diagonal compressive 
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Fig. 12— Rectangular sec- seul sm 
tion with spiral reinforce- a 
ment. a, — cross-sectional | 


es ig eee 
BAA 





area of one bar or wire in Aeummn 
the spiral cage 


——__— 


— 


forces are resisted by the concrete. Consequently the area required for 
the vertical hoops is 


M:.s 
fDi ys 

Since in rectangular beams the same hoops may be used for torsional 
shear reinforcement and for transverse shear reinforcement, it is con- 
venient to use the same notation for both. In the equations for transverse 
shear reinforcement A,, denotes the area of all the shear reinforcement 
at a given section, i.e., the area of two bars in the base of hoops, so that 


a, 


ase = ~~ 
sin 45 deg 


= V24a.= 3 


Mis 
Afs-Viys 

The value of 4 does not vary greatly with the ratio x,/y, (Table 1) 
and 4 = 0.8 is sufficiently accurate for all practical purposes. 


; = 24... = (17) 


M:.s 


Aw = 08 f, xv: 


where A,, = cross-sectional area of two legs of the closed hoop 
s= pitch of the hoops 


x,andy;,= the smaller and larger dimensions of the hoops, respectively, 
measured center to center 


f. = maximum permissible steel stress 
M:,= additional twisting moment due to the insertion of the hoops and 
a corresponding amount of longitudinal steel 
The same amount of longitudinal steel is required to resist the hori- 
zontal component of the diagonal tension. 
A length of beam s contains one hoop, which has a volume 


, em (x; + Y:) 


An equal volume of longitudinal steel is needed in the same length 
of beam. 


Asi 8= iu (xX; a yi) 


In this equation A,, denotes the cross-sectional area of all the longitudi- 
nal bars, which is therefore 


M+ ys 
s 


Avs fe (19) 


Eq. (18) and (19) are the formulas given by the Australian code 
for the design of torsional shear reinforcement. The code requires 
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Fig. 13-—— When hoops are extended 
well into the flange, it is reasonable 
to allow the additional twisting moment 
due to the rectangular hoops and longi- 
udinal bars to be added to that of the 
plain concrete T- or L-beam 




















at least one longitudinal bar to be placed in each corner of the 
hoops. The hoops must either be adequately secured by bond and 
anchorage, or by welding to the main reinforcement. In practice it 
is not easy to achieve adequate anc’iorage in rectangular sections by 
bond and hooks, since torsional shear, unlike transverse shear, occurs 
on all four faces of a rectangular section. Where twisting moments are 
considerable, welding of the hoops of the longitudinal steel is therefore 
necessary. 

Hoops and longitudinal bars can be placed in the webs of T- and L- 
beams, and the flange allows ample room for the anchorage. When the 
hoops are extended well into the flange as shown in Fig. 13, it is reason- 
able to allow the additional twisting moment due to the rectangular 
hoops and longitudinal bars to be added to that of the plain concrete 
T-beam. 


MAXIMUM PERMISSIBLE STRESSES IN TORSION, COMBINED TORSION 
AND SHEAR, AND COMBINED TORSION AND BENDING 


Since torsion produces shear stresses, and torsion reinforcement is 
designed to resist the diagonal tension due to shear, the maximum per- 
missible stresses for torsion should be similar to those for transverse 
shear. The Australian code limits the maximum permissible concrete 
stress in diagonal tension due to torsion to 


f:—0.02f.'+20psi =90psi 


Since concrete weaker than /,’ = 1800 psi is not permitted by the 
Australian code, the permissible diagonal tensile stress can vary only 
within the range of 56 and 90 psi. 

When this stress is exceeded, torsion reinforcement must be provided 
to take the excess diagonal tension, but irrespective of the amount of 
torsion reinforcement, the diagonal tensile stress must not exceed 


f:—0.08f..+ 80psi =360 psi 


These limiting stresses are the same as for transverse shear. The 
Australian code does not, however, specify a limiting stress above which 
the entire diagonal tension must be resisted by reinforcement. In the 
case of transverse shear the entire concrete below the neutral axis is 
stressed to the maximum diagonal tensile stress, so that the cracks 
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Fig. 14— Relation between 

ultimate bending moment 

and ultimate twisting mo- 
ment for plain concrete 





TWISTING MOMENT M, 








BENDING MOMENT M 


extend right across the section below the neutral axis. In circular and 
rectangular sections subject to torsion, however, the maximum diagonal 
tensile stresses occur only in a surface layer, and the stresses in the 
core of the section are small. The concrete may therefore be assumed 
to contribute to the torsional resistance moment of the section even 
when the stresses at the surface of the section are comparatively high. 

Torsion in reinforced concrete construction is commonly a secondary 


effect of transverse loading, and sections subject to torsion are there- 
fore frequently also subject to transverse shear and to bending. 

Transverse shear forces set up diagonal tensile stresses which act in 
the same direction on the two vertical faces of a beam, while diagonal 
tensile stresses due to torsion act in opposite directions on opposite faces, 
like a spiral. In consequence, the diagonal tensile stresses due to trans- 
verse shear and due to torsion partly cancel one another on one face, 
and reinforce one another on the other, which is the critical face for 
the design of the beam. 

The Australian code therefore provides that the combined stress due 
to transverse shear and torsion must not exceed 

fr + fe = 0.08 f.’+ 80psi =360 psi 
irrespective of the amount of transverse and torsional shear reinforce- 
ment. 

Bending moments do not reduce the capacity of reinforced concrete 
sections to resist torsion. In this respect reinforced concrete differs 
from steel and from plain concrete (Fig. 14). In fact, a moderate bend- 
ing moment increases the resistance to torsion'®!* (Fig. 15). 

The reason for this interaction between bending moments and twisting 
moments in reinforced concrete is not entirely clear. It seems to be due 
to the essential difference in the failure of reinforced concrete in torsion 
and in bending.**** Failure in torsion depends on the diagonal tensile 
stress. The formation of a tension crack does not, however, affect the 
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Fig. 15—Relation between bending moment and twisting moment for reinforced 
concrete at the elastic limit.’ The symbol O represents experimental results 


resistance to bending; in fact, tension cracks are always present in re- 
inforced concrete beams under the action of the working loads. Failure 
in bending can occur only as a result of a compression failure in the 
concrete, either directly or as a result of yielding of the tension rein- 
forcement. 

Two criteria of failure are therefore used in Fig. 15: the maximum 
stress theory for the primary tension failure due to torsion, and the 
internal friction theory for the primary compression failure due to 
bending.** Some of the test specimens from the series of experiments 
plotted in Fig. 15 are shown in Fig. 16. These show the existence of 
two different types of cracks: vertical cracks below the neutral axis 
due to bending, and diagonal tension cracks due to tension. 

The Australian concrete code does not call for any reduction of the 
maximum permissible stresses for torsion if bending is present, or vice 
versa.* This provision is shown by the dotted lines in Fig. 17, the full 


*It should be noted that steel codes normally require a reduction in the maximum per- 
missible stresses for both bending and torsion when a section is subject to combined bending 
and torsion. 





BEAM TORSION 609 


lines indicating the corresponding experimental relationship. It evident- 
ly provides an additional margin of safety for sections with relatively 
large twisting moments which are likely to need heavy torsion rein- 
forcement. 


Example 6 
A rectangular reinforced concrete section, 12 in. wide by 24 in. deep, is subject 
to a twisting moment of 100,000 in.-lb. Calculate the amount of torsion rein- 
forcement required, if the maximum permissible diagonal tensile stress for the 
concrete is 64 psi and the maximum permissible steel stress is 18,000 psi. 
From Table 1, the coefficient a 0.246 for y/x = 24/12 = 2, and from Eq. (5) 
the twisting moment resisted by the concrete alone is 


Mie = fr ax’ y = 64 & 0.246 x 12? «x 24 = 54,400 in.-lb 


The additional twisting moment for which reinforcement must be provided 
is therefore 


M:, = 100,000 — 54,400 = 45,600 in.-lb 


Fig. 16—Primary torsion and primary bending failure of reinforced concrete 
beams in combined bending and torsion 


Primary torsion failures 


Bending moment 


(Left, above) — Pure torsion. (Right, above) Twisting moment. = | 


Primary bending failures 
Bending moment 


(Left, below) — Tyicting moment 


2%. (Right, below) — Pure bending 
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For the purpose of estimating the width and depth of the hoops, we will as- 
sume a %-in. diameter, so that 


i= 12 _ 2x1 — Ie = 95 in. 
over-all ee hoop 
( width ) (2 x cover ) ( garter ) 
y= 24 - 2x1 - My = 21.5 in. 
From Eq. (18) the cross-sectional area of the vertical hoops is 
45,600 x 
A th AS ______ 0.0155 s 


* ="0.8 x 18,000 x 9.5 x 21.5 
Therefore %4-in. diameter hoops are evidently sufficient. The area of two legs 
of the hoops, A,,. = 0.098, and the pitch s = 0.098/0.0155 — 6.32 in.—say %-in. 
diameter hoops at 6 in. on centers. 
The area of longitudinal steel required, from Eq. (19) 


Aw= (%1+ yi) 
As: = 0.0155 (9.5 + 22.5) = 0.481 sq in. 


Say four %-in. diameter bars, i.e., one bar in each corner of the hoops (0.785 
sq in.) 


Example 7 


A reinforced concrete T-beam has an over-all depth of 36 in. The web is 18 in. 
wide and the flange is 8 ft wide by 6 in. thick. Calculate the amount of torsion 
reinforcement required, if the beam is subject to a twisting moment of 400,000 
in.-lb. The permissible stresses are the same as in Example 6. 


The twisting moment resisted by the concrete alone, from Eq. (9) is 


M:- = 64 x % [18° x 36 + (9%3 — 1) x 6°] = 270,000 in.-lb 


Fig. 17—Actual variation of bending 
and twisting moments, and variation for 
design in accordance with the Austral- 
ian code. Solid line shows actual varia- 
tion, dotted line shows variation for 
BENDING MOMENT design 


TWISTING MOMENT 
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Fig. 18—Layout of the tor- of 
sion reinforcement in the a 
section of Example 7 
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The additional twisting moment for which reinforcement must be provided 
is therefore 


M:, = 400,000 — 270,000 = 130,000 in.-lb 
The reinforcement is placed in the web which is 18 in. wide and 36 in. deep. 


Assuming %-in. diameter bars for the purpose of estimating the width and depth 
of the hoops 


m= 18—2x1—%=15.5 in. 
yi = 36 — 2— % = 33.5 in. 
From Eq. (18) the cross-sectional area of the vertical hoops is 


130,000 x s 


Aw = OB x 18,000 X 15.5 X 335 — 90174 s 





Using *%-in. diameter hoops, the area of two legs, A.. = 0.220, and the pitch 
s = 0.220/0.0174 = 12.6 in. — say %s-in. diameter hoops at 12 in. on centers. 
The area of longitudinal steel required, from Eq. (19) 


Au 
Au => (m1 + yi) 


A,; = 0.0174 (15.5 + 33.5) = 0.852 sq in. 
Say four %-in. diameter bars 


In practice there is likely to be a large area of longitudinal reinforce- 
ment on the tension face, so that the additional two 5/8-in. diameter 
bars are unnecessary. They must, however, be provided on the com- 
pression face. 


It is important to provide proper anchorage of the hoops in the flange. 
The flange is 8 ft wide and the hoops will be extended over the central 
5 ft and hooked at the ends. This ensures an ample length of anchorage 
for the hoops. The arrangement of the reinforcement is shown in Fig. 18. 
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APPENDIX — BIBLIOGRAPHY ON TORSIONAL STRENCTH 


1. Morsch, E., Der Eisenbetonbau, Berlin, 1903 (in German). 


Includes a report of tests on three circular plain concrete specimens, 
10.24 in. in diameter. The maximum shear stress was 243 psi. 


2. Mesnager, Paris, 1903 (in French). 


Report on two circular specimens, 4.21-in. diameter, longitudinally rein- 
forced. 


3. Foppl, A., Munich, 1911. (in German). 


Report on 15 circular specimens, 3.93-in. diameter, plain and longitudi- 
nally reinforced concrete. 


4. Bach, C., and Graf, O., “Experiments on the Torsional Strength of Con- 
crete and Reinforced Concrete,” Heft No. 16, Deutscher Ausschuss fiir Eisen- 
beton, Berlin, 1912. (in German). 

Carried out at the laboratories of Stuttgart College of Technology, this 
was the first thorough investigation. 

Plain concrete -- The experiments were carried out on specimens of cir- 
cular, hollow circular, square, and rectangular cross section, with subsidi- 
ary direct tension and compression tests. The concrete used was mixed in 
the proportions 1:2:3, with a water-cement ratio of approximately 0.54. 
Beams were tested 45 days after casting. 

The maximum shear stress varied from 243 to 462 psi. The ratio of tor- 
sional shear strength to compressive strength varied from 0.07 to 0.13. The 
ratio of torsional shear strength to tensile strength varied from 0.92 to 1.75; 
the highest value being in each case for the rectangular, and the lowest for 
the hollow circular section. 

Torsional computations were based on Bach’s approximate theory. Aver- 
age value for modulus of rigidity at low loads was 1,920,000 psi. Poisson’s 
tatio varied from 0.29 (at low loads) to 0.14 (at 170 psi). 
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Reinforced concrete — 11.81 in. square, and 8.26 x 16.52 in. rectangular 
reinforced specimens were tested. 





Type of specimen tested | Ultimate torque 





Plain concrete 1.00 
2.88 percent longitudinal reinforcement d 
2.88 percent longitudinal reinforcement 

+ 0.49 percent 45 deg spiral reinforcement 2.34 
1.44 percent inclined reinforcement 1.27 





All photographs of spirally reinforced specimens show a continuous helical 
fracture at 45 deg to the axis, at right angles to the spiral reinforcement, 
and a large angle of twist at failure. 


5. Kasarnowsky, S., “Design of Statically Indeterminate Reinforced Con- 
crete Structures, Taking Account of the Torsional Moments,” Schweizerische 
Bauzeitung, V. 69, 1917. (in German). 


A theoretical treatment. 


6. Graf, O., and Mérsch, E., “Experiments in Torsion to Explain the Shear 
Strength of Reinforced Concrete,” Forschungsarbeiten auf dem Gebiete des 
Ingenieurwesens, Verein Deutscher Ingenieure (Berlin), 1922. (in German). 


The experiments on plain and reinforced concrete specimens were car- 
ried out at the laboratories of Stuttgart College of Technology. All speci- 
mens were of circular section, 15.77 in. diameter. Longitudinal bars, 45-deg 
spirals, rings, and rings combined with longitudinal bars were used as 
reinforcement. 

Rings alone, and longitudinal bars alone, were of little value; but a com- 
bination of the two (0.62 percent of each) produced a 62 percent increase 
in the ultimate torque. An additional 0.62 percent of spiral reinforcement 
increased the ultimate torque by 200 percent. 

The concrete was mixed in the proportions 1:2:5, with a water-cement 
ratio of approximately 0.75. 


7. Young, C. R., Sagar; W. L.; and Hughes, C. A., “The Torsional Strength 
of Rectangular Sections of Concrete, Plain and Reinforced,” Engineering Re- 
search Bulletin No. 3, University of Toronto, 1922. 

The tests were carried out on 5 x 5 in. square, and 5 x 10 in. rectangular 
specimens, the concrete used being a 1:2:4 mix. The average maximum shear 
stress for plain concrete was 570 psi. 

The increase in ultimate torque due to longitudinal reinforcement only 
was virtually nil, the increase due to 0.79 percent longitudinal plus 1.68 
percent spiral reinforcement being 80 percent. 


8. Miyamato, T., “Torsional Strength of Reinforced Concrete,” Concrete and 
Constructional Engineering (London), V. 22, 1957, pp. 637-647. 


There were 86 specimens tested in torsion at the laboratories of the 
Japanese Home Department. All specimens were of circular cross section, 
11.8 in. in diameter, the concrete being of 1:2:4 mix, with a water-cement 
ratio of 0.68. Reinforcing bars were of mild steel, 0.45 in. in diameter. 
Tests were carried out at the age of 45 days. (Compressive strength of 
concrete at 45 days was 1820 psi.) Modulus of rigidity varied from 2,090,000 
psi at low loads to 1,740,000 psi at 83 percent of the ultimate torque. 
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Type of specimen tested Ultimate torque 





Plain concrete 1.00 

0.71 percent spiral reinforcement at 45 deg 1.59 

0.72 percent spiral reinforcement at 60 deg . 1.57 

0.75 percent spiral reinforcement at 30 deg 147 

1.43 percent spiral reinforcement at 45 deg 1.66 
+ longitudinal bars 

1.43 percent spiral reinforcement at 60 deg | 1.66 
+ longitudinal bars 

1.42 percent spiral reinforcement at 45 deg 1.74 
+ lateral rings 


1.45 percent spiral reinforcement at 30 deg 1.73 
+ lateral rings 


1.43 percent longitudinal bars + lateral rings 1.12 

1.22 percent two layers of spiral reinforcement 2.07 
at45 deg 

2.08 percent two layers of spiral reinforcement 2.18 
at 45 deg + longitudinal bars | 





All specimens showed helical cracks at 45 deg to the axis. The resistance 
of the reinforced test pieces was not exhausted at the maximum torque, 
and with decreasing load the twist could be further increased. Reinforcing 
bars were in no case stressed to breaking point. The angle of twist was not 
affected by the type of reinforcement. 

9. Rausch, E., “Design of Reinforced Concrete in Torsion,” Dissertation for 
the degree of Doctor of Engineering, Technische Hochschule, Berlin, 1929. (in 
German). 


Rausch used the data of Bach and Graf‘ in support of a theory for the 
strength of reinforced concrete in torsion. Several examples are included 


demonstrating the application of the theory to the design of foundation 
beams. 


10. Emperger, F., editor, Handbuch fur Eisenbeton, Wilhelm Ernst and Sons, 
Berlin, V. 1, 1930, pp. 220-226. (in German). 


A note by O. Graf on the torsional strength of concrete, including a brief 
summary of the experimental work carried out prior to 1930. 


11. Turner, L., and Davies, V. C., “Plain and Reinforced Concrete in Torsion, 
Selected Engineering Papers No. 165, Institution of Civil Engineers, (London), 
1934. 


Six plain concrete beams of square, rectangular, and T-shaped cross sec- 
tion, and six reinforced square beams were tested in torsion at the Battersea 
Polytechnic Institute. The concrete was mixed in the proportions 1:1%:3. 
Beams were cured under water, and tested saturated at the age of about 35 
days. The quality of the concrete varied considerably, and this affected 
the torsional strength of some of the beams. 


12. Andersen, P., “Experiments with Concrete in Torsion,” Transactions, 
ASCE, V. 100, 1935, pp. 949-983. 


Six plain concrete specimens of circular cross section, and 42 reinforced 
specimens, 10 in. square by 28 in. long, were tested in torsion at the Uni- 
versity of Illinois. High tensile steel, 42-in. diameter, for longitudinal bars, 
5g0-in. diameter mild steel circular hoops, and 542-in. diameter mild steel 
circular 45-deg spirals were used as reinforcement, separately and in com- 
bination. Hollow circular plain concrete cylinders were tested in torsion at 
constant load for a period of 110 days. The control cylinder strength varied 
from 1950 to 5535 psi. 
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The principal tensile and compressive strains in the concrete were meas- 
ured with Huggenberger tensometers using steel plugs grouted into the 
concrete. A noticeable difference was observed between the tensile and 
compressive strains as recorded by the extensometers. As the principal 
stresses must be numerically equal, Andersen assumed that either the value 
of the modulus of elasticity, or the value of Poisson’s ratio differed in ten- 
sion and compression. 

The modulus of rigidity varied from 1,420,000 psi for a cylinder strength 
of 2000 psi (ultimate torsional strength 250 psi) to 2,140,000 psi for a cyl- 
inder strength of 5200 psi (torsional strength 420 psi); these are secant mod- 
uli at 34 of the ultimate strength. 

A formula for the torsional strength of reinforced concrete is derived 
from theoretical considerations. 


13. Gilkey, H. J., Discussion of Reference 12, Proceedings, ASCE, V. 61, 1935, 
pp. 131-141. 


Reference is made to a report by H. J. Gilkey and F. Vogt, “Tests of Mod- 
els of Arch Dams and Auxiliary Concrete Tests Conducted by the Bureau 
of Reclamation at the University of Colorado,” Engineering Foundation, 
Committee on Arch Dam Investigation, Subcommittee on Model Tests, V. 2, 
May 1934. 

A large number of plain concrete specimens were tested in tension, com- 
pression, bending, and torsion. The torsion specimens were 3-in. diameter 
cylinders 12 in. long. They were cured under a variety of conditions and 
tested at different ages, some wet and some dry. If computations are based 
on the elastic theory, the ratio of compressive to torsional strength varied 
from 6 to 11, the ratio of flexural to torsional strength from 1.3 to 1.5, 
and the ratio of tensile to torsional strength from 0.6 to 0.8, Poisson’s 
ratio varied from 0.15 to 0.25, with an average value of 0.20. Young’s mod- 
ulus varied from 1,830,000 psi for a crushing strength of 1780 psi to 3,320,- 
000 psi for a crushing strength of 4850 psi. 


14. Jakobsen, A., “Torsional Moments in Girder Bridges with Two Main Gird- 
ers,” Beton und Eisen (Berlin), V. 34, 1935, pp. 242-246. (in German). 


An extension of the earlier work of Kasarnowsky.*® 


15. Andersen, Paul, “Rectangular Concrete Sections Under Torsion,” ACI 
JOURNAL, V. 9, No. 1, Sept.-Oct. 1937 (Proceedings V. 34), p. 1-11. 


Further discussion of Andersen’s earlier work.” Some further experi- 
ments carried out at the University of Illinois are included. It is shown that 
the ratio of torsional strength to compressive strength decreases as the 
compressive strength increases. 


16. Ruchadze, A., “Torsion and Deformation by Shear Forces of an Elastic 
Beam, Consisting of Two Different Materials with Epitrochoidal Boundaries,” 
Travaux de l'Institut Mathematique de Tbilissi, 1937, pp. 125-139. (in Georgian, 
with Russian summary). 


An extension of St. Venant’s theory of torsion. It is claimed that the 
method can be applied to the design of reinforced concrete. 


17. Andersen, P., “Design of Reinforced Concrete in Torsion,” Transactions, 
ASCE, V. 103, 1938, pp. 1503-1526. 


Contains a further discussion of Andersen’s formula” as applied to rec- 
tangular sections. The distribution of torsional moments in space frames is 
analyzed by the Hardy Cross method of moment distribution. 
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18. Kopciowski, J., “Torsion in Reinforced Concrete,” Travaux (Paris), V. 23, 
1939, pp. 69-75. (in French). 


The paper is intended to provide practical information on the design 
of reinforced concrete members in torsion. Formulas for the determination 
of the stresses arising from torsional moments are derived for various types 
of cross section. 


19. Marshall, W. T., and Tembe, N. R., “Experiments on Plain and Reinforced 
Concrete in Torsion,” Structural Engineer (London), V. 19, 1941, pp. 177-191. 


There were 26 plain concrete specimens of circular, rectangular, T- 
shaped, and L-shaped cross section, and 24 rectangular and T-beams with 
mild steel reinforcement tested at the City and Guilds College, London. 

The concrete was mixed in the proportions 1:2:4, with a water-cement 
ratio of 0.55. The average modulus of rigidity for the rectangular specimens 
was found to be 2,400,000 psi. Allowing for the effects of shrinkage and 
plastic yield, a value of 1,200,000 psi is recommended. 

Plain rectangular specimens showed no cracks at the center of the long 
sides prior to the formation of an instantaneous crack at failure. 

Rausch’s spiral reinforcement formula gave consistent values for the 
steel stress at failure, although the experiments showed that the steel stress 
at failure was nowhere above the yield point, and failure appeared to be 
caused by a breakdown of bond. 


20. Marshall, W. T., “The Torsional Resistance of Plastic Materials with Special 
Reference to Concrete,” Concrete and Constructional Engineering (London), V. 
34, 1944, pp. 83-88. 


Previous experimental work by a number of investigators is analyzed 
to show that consistent values for the ultimate torsional shear stress are ob- 
tained if concrete is assumed to be an ideal plastic material. 


21. Rao, K., “Ultimate Strength of Concrete Sections in Bending and Torsion 
by Extension of the Standard Theory,” Structural Engineer (London), V. 22, 
1944, pp. 309-322. 


A theoretical treatment based on the assumption that rupture occurs 
when the layer at the center of gravity of the shear stress diagram reaches 
the value of the ultimate shear stress. 


22. Nylander, H., “Torsion and Torsional Restraint by Concrete Structures,” 
Meddelanden, No. 3, Statens Kommitte fér Byggnadsforskning, (Stockholm), 
1945. (in Swedish, English summary). 


Reports tests on about 60 beams carried out at the Royal Technical Col- 
lege, Stockholm. The beams were tested in pure torsion, combined torsion 
and bending, combined torsion and shear, and combined bending and com- 
pression. Subsidiary tests were made to establish the properties of the ma- 
terials used. In addition, two rigid frames consisting of three parallel 
beams connected by two cross girders at the ends were tested by applying 
two concentrated loads to the central beam. Nylander concludes that the 
stress distribution at failure is such that the maximum shearing stress over 
the whole cross section has a constant value equal to the tensile strength, 
i.e., that concrete for the purpose of assessing the ultimate torsional strength 
may be treated as a plastic material. This is particularly evident from the 
results of tests on T-shaped sections. It follows that the addition of shear- 
ing forces decreases the torsional strength, whereas the addition of direct 
compression produces an increase in torsional strength. It was found that 
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bending increased slightly the resistance to torsion. A formula is derived 
for computing the longitudinal reinforcement required in sections subject 
to combined torsion and bending, but the design of torsional shear rein- 
forcement is not considered. The paper includes a theoretical discussion 
of the torsional restraint exercised by two main beams supporting a thin 
slab at its longer sides. Formulas for the torsional strength of a wide range 
of sections for ideal elastic and ideal plastic materials are given in an ap- 
pendix. 


23. Nylander, H., “Torsion and Torsional Restraint ian Concrete Structures,” 
Betong (Stockholm), V. 31, 1946, pp. 16-17. (in Swedish). 


Reply to criticisms and comments on Reference 23. 


24. Matheson, J. L., “Moment Distribution Applied to Rectangular Rigid Space 
Frames,” Journal, Institution of Civil Engineers (London), V. 29, 1948, pp. 221- 
243. 


Develops a more detailed analysis of the problem previously discussed 
by Andersen.” 


25. Cuerel, J., “New Waterloo Bridge at London,” Preliminary Publication, 
Third Congress, International Association for Bridge and Structural Engineering, 
Liege, 1948, pp. 367-380. 

Contains a note on experiments on the torsional] strength of box girders 
carried out in connection with the design of the bridge. 
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Effect of Shear on Ultimate 
Strength of Rectangular Beams 


with Tensile Reinforcement 
By GEOFFREY BROCK 


The effect of shear on the ultimate moment of resistance of rectangular 
beams was investigated with the aid of small scale reinforced plaster beams. 
The modes of failure are defined and classified. 


A hypothesis is developed that the effect of shear simply reduces the 
potential moment of resistance below that which would be developed in 
pure flexure. This hypothesis forms the basis of a simple method of pre- 
dicting the ultimate load and mode of failure from the known bending mo- 
ment and shearing force diagrams for any beam. It is checked by the results 
of experiments on beams under distributed load. 


Results of the experiments are compared, where possible, with those ob- 
tained on reinforced concrete beams and published by other investigators. 


Qj THE ULTIMATE RESISTANCE OF A REINFORCED concrete beam to a uniform 
bending moment can be predicted by well-established ultimate load 
design methods.' However, when such a beam is also subjected to shear- 
ing forces (variations of bending moment) it may fail in other ways. 
These other modes of failure are usually described as shear failures, 
but at present there are no criteria for deciding whether a given beam 
will fail in shear before it fails in bending, or, if so, what the reduction 
in its load capacity will be. This is a serious hindrance to the application 
of ultimate load design to reinforced concrete framed structures. 
There have been many laboratory investigations devoted to the study 
of shear failures in reinforced concrete beams.? Most investigators have 
sought to establish limiting values of the shearing stress at failure, cal- 
culated from the classical formula of Morsch, g = V/bjd. Recently at- 
tention has been paid to the possibility that the criteria for such failures 
may involve limiting moments rather than limiting shear stress.® 


619 
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ACI member Geoffrey Brock is lecturer in civil engineering at University of 
Birmingham, Birmingham, England, where he has initiated the study of re- 
inforced models of which this paper describes a part. Previously Dr. Brock 
had engaged in a variety of civil engineering work in England and New 
Zealand, being especially concerned with the design and construction of 
prestressed concrete bridges. 











The difficulties involved in making and testing large numbers of re- 
inforced concrete beams at research establishments have forced most 
investigators to base their conclusions on a limited series of tests or 
to assemble data from tests made by others. This is not the most satis- 
factory way to investigate such a variable material as reinforced con- 
crete, because a few erratic results can be quite misleading. An ideal 
experimental investigation of these problems would require a large 
number of tests under controlled conditions with duplications to estab- 
lish how far each result is reproducible. Such an investigation, even 
on beams of moderate size, would be time-consuming and expensive. 

The writer has already described how reinforced plaster models can 
be used to simulate the ultimate load behavior of reinforced structures.* 
Reinforced beams of this kind can be produced in large numbers and 


tested to destruction relatively easily, and probably with less random 
variation than reinforced concrete beams. They are, therefore, a useful 
medium for investigating the effect of shear on ultimate strength and 
should provide a valuable indication of the way in which reinforced 
concrete beams behave. 


This paper will only refer to the behavior of beams without web re- 
inforcement. Such an examination is of practical value in that it will in- 
dicate the parts of beams which are in need of such reinforcement. A 
systematic investigation of the effectiveness of different kinds of shear 
reinforcement may then be possible. 


Notation ‘. yield stress of reinforcement, or 


a 


shear span of beam under two 
symmetrical point loads 


cross-sectional area of tensile re- 
inforcement 


breadth of rectangular beam 
effective depth of rectangular 
beam 

crushing strength of 1-in. plaster 
cube 

crushing strength of 6 x 12-in. 
concrete cylinder 


0.2 percent proof stress of rein- 
forcement without pronounced 
yield 


bending moment 


ultimate bending moment 


= proportion of tensile reinforce- 


ment (—A,/bd) 


proportion of reinforcement re- 
quired for “balanced” failure 


shearing force 
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TESTS ON REINFORCED PLASTER BEAMS 


These beams are made from alpha hemihydrate gypsum plaster, re- 
inforced with screwed steel rod of about 1/12 in. diameter. Such rein- 
forcement bonds to plaster to about the same extent as deformed bars 
do to concrete. Because this kind of plaster sets within about 10 min 
of mixing with water, specimens can be tested conveniently at an age 
of 1 hr. The crushing strength of the plaster, which is measured on 1-in. 
cubes, can be closely controlled by the plaster-water ratio employed. 
Consequently the crushing strength of the plaster in a particular test 
can be arranged in advance. Some of the more important characteristics 
of the materials are summarized in the appendix. 

More complete details of the technique are given in Reference 4, to- 
gether with the results of an investigation into the flexural strength of 
reinforced plaster beams. They showed that the ultimate flexural re- 
sistance determined by experiment agreed closely with that predicted 
by the equations which Whitney” successfully established for reinforced 
concrete beams. A slight modification of his empirical constants allows 
the l-in. cube strength of plaster to be substituted for the 12 x 6-in. 
cylinder strength of concrete. These modifications are shown in Fig. 1, 
the equation for tension failures being M,/fbd? = 0.407 p/p, (1 — 0.24 
P/Po). 


Experiments on beams under two point loads 


A simple arrangement for investigating the effect of shearing forces 
on the flexural resistance of a beam is that shown in Fig. 2. Just outside 
the loading points C and D the maximum moments and shears act on 
the same critical sections at one of which the beam will ultimately fail. 
The ratio of moment to shear at this section is simply the shear span a. 
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By testing beams of the same cross section with different shear spans 
it is possible to determine the effect of the M/V ratio on the ultimate 
moment at C. 


Reverting to Fig. 1, it will be noted that for purely flexural failures 
(large M/V), the ultimate moment expressed in terms of fbd? depends 
on the value of p/p,. Tests made to establish the effect of smaller M/V 
values should therefore be made with p/p, held constant. 


Three such series of tests have been made at values of p/p, of 0.22, 
0.70, and 1.20. Details of each beam tested are given in Tables 1, 2, and 
3. Values of the ultimate moment at C, expressed in terms of fbd*, have 
been plotted against M/Vd (= a/d) in Fig. 2, 3, and 4. The fixed dimen- 
sions of the test beams are indicated in Fig. 2, sufficient overhang 
beyond the supports being provided to prevent anchorage failures. It 
will be found convenient to examine the results of these tests in two 
groups. 

Experiments with p/p, = 0.22— The ultimate moment decreases rapidly 
when a/d falls below 0.9, but the shears associated with higher values 
of a/d appear to have little effect on the ultimate flexural resistance. 
Fig. 2 shows that the failures divide into two well defined classes, di- 
agonal tension and flexure. The typical appearance of each type of 
failure is shown in Fig. 5. 
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Diagonal tension failures occur suddenly by the formation of a crack 
which runs from the load point to the adjacent support. Careful ob- 
servation under slow loading indicates that the crack forms at the mid- 
height of the beam and progresses rapidly in each direction. As soon as 
the crack forms, the load capacity of the beam falls sharply; failure 
is instantaneous. 


Flexural failures are similar to those in pure bending and, with such 
lightly reinforced beams, are gradual. The effect of shear on flexural 
failures produces cracks which curve over toward the top of the beam 
instead of remaining vertical. Such curvature increases with the de- 
crease of a/d. The values of M,,/fbd* for flexural failures are close to 
that predicted from Fig. 1. 


Experiments with p/p, — 0.70 and 1.20—Some of these tests followed 
the general pattern of those just described, but others revealed a third 
mode of failure, also shown in Fig. 5. It is termed “shear-bond” failure, 
because it involves the destruction of the layer immediately above the 
reinforcement. The effect is shown clearly in Fig. 6 where it has caused 
complete separation of the beam without disturbing the plaster be- 
neath the reinforcement, which remains uncracked. Should the rein- 
forcement be concentrated in the interior of a beam, this type of failure 


TABLE |—DETAILS OF BEAMS OF SERIES | 
(p/p. approximately 0.22) 





f, psi Reinforcement a, in. " M, /fod2 


a 
a 
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may show on the soffit as a longitudinal crack beneath one of the bars. 
Fig. 7 shows such a crack together with the typical cracks on the side 
of the beam, but the latter do not always form if the soffit has cracked 
first. In some tests the load could be increased after shear-bond cracks 
formed, but as any increase was erratic and unreliable, the failing mo- 
ment was taken to be that which produced the first cracks of this kind. 

Shear-bond failures form a transition between flexural and diagonal 
tension failures. They plot near to straight lines as shown in Fig. 3 and 
4. Examination of Table 2 (p/p, = 0.70) reveals that when f, = 53,000 
psi, shear-bond failures occurred only if f exceeded 3200 psi. No shear- 
bond failures were observed in this series when /, was 29,000 psi. Sim- 
ilarly Table 3 (p/p, = 1.20) shows that for /, = 53,000 psi, shear-bond 
failures occurred in tests with f larger than 2060 psi. With f, = 29,000 
psi they were restricted to values of f not less than 4200 psi. 


These results indicate that, for a given value of p/p,, the occurrence 
of this mode of failure depends on the values of f and f,. It is most 
likely to develop when both these stresses are high and a large amount 
of reinforcement is used. At given values of p/p, and f, the change from 
flexural to shear-bond failures takes place as f is increased through a 
certain value. Some subsidiary tests have been made which confirm 
this (See Fig. 8). 


Fig. 6 — Shear-bond failure 
under central point load. 
Note that cover beneath re- 
inforcement remains intact 


Fig. 7—Variation of shear- 
bond failure under central 
point load. Note splitting 
crack longitudinally beneath 
reinforcing rod 
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Effect of compressive reinforcement — In a number of the beams reported 
in Table 2 compressive reinforcement was provided. The amount was 
in each case equal to that of the tension reinforcement. The tests showed 
that the addition of compressive reinforcement to under-reinforced 
beams makes no difference to the ultimate moment whatever the mode 
of failure. (Compressive reinforcement would, however, increase the 
flexural capacity of beams having p/p, greater than unity.) 

Secondary modes of failure — If a beam is loaded to increase its deforma- 
tion after failure has occurred, the crack patterns of other modes 
of failure may appear. The true mode of failure can, therefore, be over- 
looked unless it is immediately recognized. Such recognition can be 


TABLE 2—DETAILS OF BEAMS OF SERIES II 
(p/p. = 0.70) 
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Fig. 8—Effect of variation in M 
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difficult when the primary and secondary modes of failure develop 
almost simultaneously. 


Tests on beams loaded at eight points 


The tests with two point loads, although useful in determining the 
effect of shear, are not representative of the kinds of beams used in 
practical designs. To investigate the effect of more usually distributed 
loads, tests have been made on simple beams loaded at eight equally 
spaced points. Three series were run, one at each of the values of p/p, 
already investigated. In each the ratio of span to depth was varied by 
keeping L constant and changing d. The method of test is shown in Fig. 
9, and the midspan ultimate moments are plotted against L/d in Fig. 10. 
We will consider later how these results can be checked in terms of the 
tests under two point loads. 


METHOD OF PREDICTING FAILURE UNDER ANY LOADING 


It has been shown that there are two basic modes of shear failure, 
diagonal tension and shear-bond. Many failures displaying inclined 
cracks are not shear failures at all. They are merely modifications to 
the crack patterns of flexural failures which take place without any 
reduction in the ultimate flexural resistance. True shear failures, on 
the other hand, always cause a reduction in the flexural capacity, which 
is a function of the reinforcement index, p/p,, and the value of M/Vd at 
the section of failure. 


The method of loading under two point loads was useful because the 
critical section is always just outside one of the loading points. Although 
the pattern of cracks may extend over a considerable length of the 
beam, failure always occurs at a crack which reaches the compression 
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zone at the critical section. With two-point loading the critical section 
is also that of maximum shear and moment. But for most loadings of 
simple beams these maxima do not both occur at the same section and 
the position of the critical section, and hence of the failing crack, will not 
be known. To predict the position of this section from known shear and 
moment distributions the following assumptions will be made. 

(a) The potential capacity for resisting moment at any section of the 
beam depends on the value of M/Vd at that section. It can be found 
from the curve of M,/fbd? against a/d for the appropiate value of p/p». 


TABLE 3—DETAILS OF BEAMS OF SERIES III 
(p/p. = 1.20) 
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Fig. 9—Method of testing 
reinforced plaster beam un- 
der eight equal point loads 


(b) The critical section of the beam will be that at which the actual 
bending moment first reaches its capacity value, and the ultimate load 
will be that which produces the capacity moment at the critical section. 

The application of these principles will best be demonstrated by the 
following example. 


Beam loaded by eight point loads 


A curve showing the variation of M/Vd across the span can be pre- 
pared from the known bending moment and shearing force diagrams. 
This curve is shown, in terms of L/d, on the right of Fig. 11. If we know 
the value of p/p,, in this case assumed to be 0.70, and whether or not 





0.35 


S 











° 








as 1 
* 0.70 e 





+ 


i 
| 


Fi /exyral FaoiVures 








0./0 




















N\\g5=02% 








0.05 





L 
O 4 6 8 /0 12 4g 


Fig. 10—Simple beam under eight point loads. Variation of midspan moment at 
failure with L/d ratio for various values of p/p,. (f, — 53,000 psi; f chosen to 
produce shear-bond failures where possible) 
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Fig. |!|—Moment capacity curves for simple beam loaded at eight points. Dashed 
lines show bending moments at failure 


shear-bond failures can develop, we can draw the moment capacity 
curve, In this example it has been assumed that f is large enough to 
permit shear-bond failures, and three typical moment capacity curves 
have been drawn, with the aid of Fig. 3, on the left of Fig. 11. At each 
section of the beam the ultimate moment from Fig. 3, corresponding to 
the M/Vd value for the section, is plotted to give the moment capacity. 
There will, of course, be a different capacity curve for each value of L/d. 

To determine the ultimate load for a particular capacity curve it is 
merely necessary to superimpose that bending moment diagram which 
just touches but does not cross the capacity curve. 


When L/d = 10 such a bending moment diagram touches the capacity 
curve near the center of the span and the midspan moment reaches the 
full flexural capacity of the section, 0.24 fbd?. 

When L/d = 6 the bending moment diagram touches the capacity 
curve under the third load from the support. This represents a moment 
of 0.175 fbd*, and hence from Fig. 3 a shear-bond failure. The midspan 
moment can only reach 0.205 fbd?. 

When L/d = 2 the failing bending moment diagram coincides with 
the capacity diagram from the support to the first load point. A diagonal 





SHEAR EFFECT ON ULTIMATE STRENGTH 631 


tension failure may be expected and the midspan moment will only 
reach 0.105 fbd?. 

This procedure has been used to construct the curves drawn in Fig. 10 
showing the ultimate moment to be expected at midspan for a given 
value of L/d. The experimental results are sufficiently close to these 
curves to suggest that the procedure just described is suitable for design 
purposes. 

It will be noted that the lightly reinforced beams with p/p, = 0.22 
do not suffer any deterioration of their flexural capacity even when L/d 
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Fig. 12—Generalized design chart for ultimate moment capacity 
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Fig. 13—Results of tests on 
ro hy reinforced concrete beams 
(a/d = 1.75) 


o 


.@) 


Richort o 
Moretto a 
Morrow e@ 


Q2 0.4 0.6 0.8 LO 


ULTIMATE MOMENT 


2) 


12 
% 
is as low as 4. Over-reinforced beams, however, will begin to fail in 
shear-bond if L/d is less than 10. If the full flexural strength is to be 
maintained at lower L/d ratios some shear reinforcement will be neces- 
sary. The part of the beam requiring such reinforcement can be estab- 
lished from the moment capacity diagrams as follows. 

Reverting to Fig. 11, if the beam with L/d — 6 is to develop its full 
flexural capacity at midspan it must withstand the bending moment 
diagram plotted for L/d = 10. There is a deficiency in the moment ca- 
pacity curves between the second and third load points which must be 
made good by shear reinforcement in that region. A beam with L/d = 2 
would require shear reinforcement over the whole span. This illustrates 
that the conventional practice of placing shear reinforcement only in 
the regions of maximum shear may be unsafe. Spectacular verification 
of this has been given by a full-scale failure described by Anderson.® 


COMPARISON WITH PUBLISHED TESTS ON REINFORCED 
CONCRETE BEAMS 


A valuable summary of the results of many investigations has been 
given in Reference 3. Most investigators have tested beams under one 
or two point loads, generally as shown in Fig. 2. Sufficient information 
is given to enable p/p, to be calculated for each of the tests, although 
this factor does not seem to have been considered in previous work. 

Only one test series, that of A. P. Clark, had a sufficiently constant 
p/p» ratio to warrant direct comparison with the results already given. 
Twelve beams were made with p/p, varying from 0.303 to 0.372 about 
a mean value of 0.329. The ultimate moments at a/d from 1.17 to 2.34 
varied from 0.096 /,’bd* to 0.149 /.’bd*. The mean value of 0.131 /,’bd? corre- 
sponds closely with the flexural value of 0.137 /.’bd? calculated by Whit- 
ney’s method. (The low value of 0.096 /,’bd* seems a freak result, the next 
lowest being 0.122 /.’bd*. These results confirm those of Fig. 2, showing 
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Fig. 14—Results of tests on ‘ee 
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that, with small values of p/p,, a/d must fall below unity before there 
is any reduction in the flexural capacity.* 

Most other tests under similar load arrangements have been made 
at fixed values of a/d, but with varying values of p/p, caused by varia- 
tions in the concrete strength and the proportion of reinforcement. To 
compare these results with those obtained from plaster beams it is nec- 
essary to deduce curves for M /fbd* against p/p, for different a/d values. 
This has been done by preparing the idealized family of curves for ulti- 
mate moment against M/Vd, shown in Fig. 12, by interpolating from 
Fig. 1, 2, 3, and 4. These curves, which would also serve as a generalized 
design chart for producing moment capacity curves, have been used 
to prepare those shown on Fig. 13, 14, 15, and 16. The latter have been 
chosen with values of a/d suitable for comparison with the available 
experimental results. These have been taken from investigations by 


*In comparing these results with those for plaster beams, it has not been thought worth- 
while to make the small changes involved in replacing f by f, which were indicated in Fig. 1 





/ lo 


FLE ew 


tbhd* 


© 
N 





oO A 
re 











Moody o 


ULTIMATE MOMENT 











Oo 
~ 





Fig. 15—Results of tests on 
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2 Fig. 16—Results of tests on 
0.5 thd reinforced concrete beams 
(a/d = 4.6) 
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K. G. Moody, A. Laupa, F. E. Richart, and O. Moretto collected in Ref- 
erence 3. Other results given by Morrow and Viest’ and Chang and 
Kesler® have also been used. There is reasonable agreement between 
all these results and the curves drawn on the basis of Fig. 12, excepting 
those on Fig. 16. Here, although the value of a/d is high (4.6) the ultimate 
moments are on the whole substantially below the almost coincident 
flexural and shear-bond values. It is thought that these low values were 
due to anchorage failures. None of the investigations quoted used hooks 
and the length of the bar carried past the support was relatively less 
than that allowed on the plaster beams. The latter were found to be 
quite susceptible to reductions in the anchorage length which produced 
apparent shear-bond failures. 

A series of tests on 18 beams under uniform load has been reported 
by Bernaert and Siess.*® Of these all except one had L/d ratios in excess 
of 8.8. The ratios of the observed ultimate moments at midspan to those 
calculated by Whitney’s method varied from 0.82 to 1.16 with a mean 
value of 0.98. Thus although there was a great deal of inclined cracking 
and evidence of secondary modes of failure, the failures of this series 
were predominantly flexural as would be expected from Fig. 11. 





CONCLUSIONS 


1. Experiments indicate that, even when flexure is modified by 
shear, the ultimate load capacity of a reinforced beam can be expressed 
in terms of the ultimate moment at a critical section (section of failure). 
Such experiments have been made under conditions which preclude 
anchorage failure. 
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2. When a simple beam is loaded at two symmetrically disposed 
points, the critical section is always at one of them. The crack at which 
failure occurs reaches the critical section in the compression zone of 
the beam. 

3. The effect of shear on the value of M,/fbd? at the critical section 
depends on the dimensionless quantities p/p, and M/Vd. In this rela- 
tionship all the important variables are included, namely }, d, p, f, fy, M, 
and /V. 

4. The value of M,/fbd? is not diminished by small shears although 
they may induce patterns of inclined cracks. It is proposed that, despite 
the appearance of failure, all failures which are not characterized by 
a reduction of flexural strength be treated as flexural failures. 

5. Shear failures are associated with a reduction of the flexural re- 
sistance at the critical section. The two basic modes are diagonal tension 
and shear-bond. 

6. Diagonal tension failures occur only when the shear span: effective 
depth ratio is small. They are virtually independent of the amount of 
normal tension reinforcement. 

7. The development of shear-bond failures depends to a large extent 
on the reinforcement index, p/p,. If the latter value is less than about 
0.3, this mode of failure does not develop. At values above 0.3, it devel- 
ops only if the values of f and f, exceed certain minima. 

8. Provided that the value of p/p, does not exceed unity, the provi- 
sion of compression reinforcement does not affect the ultimate moment 
in any mode of failure. For this reason it seems incorrect to describe 
shear failures as compression failures. 

9. A design method has been indicated for predicting the ultimate 
load and mode of failure. It depends on the distribution of the ratio 
VM /Vd throughout the structure. For determinate structures it is straight 
forward, but a knowledge of the redistribution of moments at failure 
would be necessary for continuous structures. 

10. The principles given above are in accordance with much of the 
published evidence relating to reinforced concrete. 
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APPENDIX — PROPERTIES OF MATERIALS USED IN REINFORCED 
PLASTER BEAMS 
The stress-strain characteristics of threaded steel rod and the plaster are given 


in Fig. A-1, variation of plaster strength with mix proportions in Fig. A-2, and 
the bond characteristics of threaded steel rod in plaster in Fig. A-3. 
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Fig. A-|—Stress-strain curves for plas- Fig. A-2—Variation of plaster strength 
ter (35 percent water) and threaded with mix proportions. Based on |-in. 


steel rod (based on full diameter) cubes tested | hr after mixing 
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Fig. A-3—Pull-out tests on threaded 
rods (f, — 53,000 psi) embedded in P 
plaster (35 percent water) tested | hr A 
after casting 60000 
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TABLE A-I—DIMENSIONS OF BRITISH ASSOCIATION SCREW THREADS 


Size (BA) Pitch, in. Full diameter, in. Core diameter, in. 


0.0169 0.087 0.066 
0.0138 0.067 0.054 


rd Station, Detroit 19, Mich 


Discussion of this paper should reach ACI headquarters in triplicate by 
Apr. 1, 1960, for publication in Part 2, September 1960 JOURNAL. 








Title No. 56-38 


Determination of Calcium 
Sulfoaluminate in Cement 
Paste by Tracer Technique 


By TOSHIO MANABE and NAOYA KAWADA 


To determine the rate of combination of gypsum with aluminate phases 
during the first few minutes of initial hydration period, a method using 
radioactive isotope sulfur-35 as a tracer was studied. The method consists 
of a combination of Forsen's extraction method with an isotope dilution 
method. Procedures are described and results discussed. From these re- 
sults some considerations regarding the initial hydration process of port- 
land cement are presented. 


§) oN THE MANUFACTURE OF PORTLAND CEMENT, gypsum is generally added 
to regulate the setting time. The mechanism through which gypsum 
controls the setting of cement is not clear and is still under debate. How- 
ever, it is believed that gypsum is combined with calcium aluminate in 
double salts, i.e., calcium sulfoaluminates, during the initial hydration 
period and such formation of double salts plays an important role in 
the setting process. 

Forsen' determined the amount of combined gypsum in set cement 
by dissolving the free gypsum with saturated lime solution, in which 
the calcium sulfoaluminates are insoluble, and found that all the gypsum 
in cement was rapidly consumed. But this method is not to be utilized 
in determination of the amount of gypsum combined during the first 
few minutes of initial hydration period, because a further combination 
takes place during the course of extraction. 

Recently, the availability of radioactive isotopes as tracers has offered 
new methods for studies of chemical reactions. To determine the rate 
of combination of gypsum with aluminate phases during the first few 
minutes of initial hydration period, a newly developed method using 
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radioactive isotope sulfur-35 as a tracer was studied. The principle of 
the method and some results obtained were reported briefly in the dis- 
cussion of Hansen’s ASTM paper.’ 


PRINCIPLE OF METHOD 


In brief, the new method consists of a combination of Forsen’s ex- 
traction method with an isotope dilution method. 

Dry cement or cement paste is extracted with lime solution containing 
SO; labeled with sulfur-35. The amounts of SO, in the lime solution be- 
fore and after extraction are analyzed, and the specific radioactivities 
of SOs in both solutions are also counted. 


Now, let W. (mg) represent the total amount of SO; in the cement 
used for the test, W, (mg) the amount of SO; combined as sulfoalumi- 
nate in dry cement or in cement paste prior to test (and hence the un- 
known that is to be determined), W, (mg) the amount of SO; in the 
lime solution before extraction, W, (mg) the amount of SO; combined 
as sulfoaluminate during the test, and W, (mg) the amount of SO; in 
the final solution after extraction. Therefore, the material balance is 
given by 


W.+ W.=W.+W,+W, (1) 


When the dry cement or paste is extracted with such a lime solution, 
SO; in other forms, namely (W,— W,), is dissolved, but at the same 
time some SO;, (W,), forms sulfoaluminate during the test and carries 
radioactivity with it. Then, the balance of specific activities may be rep- 
resented by 


A. W.=A;- W; +An: Wy5............. (2) 


where, A, and 4A, are specific activities of SO; in the lime solutions be- 
fore and after extraction, respectively, and A,, is the mean specific ac- 
tivity of SO; combined as sulfoaluminate during the test. 

It is difficult to determine the true value of A,,, so some assumption 
must be made. 

If it is assumed that SO, which has not been combined as sulfoalumi- 
nate before test is dissolved instantaneously when cement contacts with 
water, the activity of SO; in sulfoaluminate formed during the test is 





CALCIUM SULFOALUMINATE 


TABLE | — RATE OF SOLUTION OF GYPSUM 





? Total SO; Extracted SO, 
Sample No in sample, _ . 


percent 1 min 3 min 5 min 


1 (Quartz sand + gypsum) 
ground in ball mill 





(Sample 1 + gypsum) 
2 mixed in porcelain 
mortar 


(Sample 1 + plaster of 
3 Paris) mixed in 
porcelain mortar 





the same as that of SO; in the final solution, or A, — A; Hence, from 
Eq. (1) and (2), the amount of SO; combined as sulfoaluminate prior 
to test, W,, would be given by 


W, = (W.+ W.) — W. (A./A; ) (3) 


But in practice, time is required to dissolve the gypsum, so it may 
be more probable that SO, in sulfoaluminate formed during test would 
have the average of specific activities of SO; in lime solution before 
test and in final solution. That is, A,,— 0.5 (A,+A,). In this case, the 
amount of SO; combined as sulfoaluminate, W,, would be given by 


A.- W.—A;- Wy 


Wome Wet Wee We ee ae (4) 


To study the rate of solution of gypsum, three samples were prepared. 
The first sample was ground from quartz sand and natural gypsum in 
a laboratory mill to fineness comparable to that of portland cement. The 
second sample was prepared from the first sample by mixing gypsum 
in a porcelain mortar, and the third was prepared from the first sample 
by mixing with plaster of Paris in a porcelain mortar. From each sample 
1 g was shaken with 100 ml of lime solution for 1, 3, and 5 min. These 
suspensions were filtered on a Buchner funnel and the extracts were 
analyzed for SO;. The results are given in Table 1. 

The data of this table show that about 95 percent of total SO; was ex- 
tracted within 1 min, and especially when the sample was ground in 
the ball mill, 98 percent of SO; was extracted within 1 min. Hence, it 
appears that gypsum ground to fineness comparable to that of portland 
cement is dissolved in lime solution fairly rapidly. 

Therefore, from these results it may be expected that the true amount 
of SO; combined as sulfoaluminate in dry cement or paste prior to test, 
W,, would be larger than W, derived from Eq. (3) but less than W, de- 
rived from Eq. (4). 
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EXPERIMENTS 


Preparation of gypsum labeled with S-35 


Gypsum labeled with S-35 was prepared by mixing CaCl. solution and 
(NH,).SO, solution containing a suitable amount of H.SO, labeled with S-35. 


Preparation of lime solution containing SO, labeled with S-35 


Lime solution which contained about 0.8 g per 1 of CaO and 0.3 g per 1 of SO; 
was prepared from saturated lime solution and the S-35 labeled gypsum. 


Procedure 


One g of cement was shaken for 4 min with 100 ml of lime solution containing 
SO; labeled with S-35. In the case of paste, it was made by mixing 1 g of cement 
and 0.5 ml of distilled water, and after the prescribed period it was shaken with 
100 ml of lime solution for 4 min. Then the slurry was filtered on a Biichner 
funnel and from 20 ml of the filtrate SO, was determined and from 50 ml the 
specific radioactivity of SO; in the filtrate was determined. 

In measuring the activity of S-35, which is a soft B-ray emitter, it is necessary 
to consider the effect of self-absorption. But if the sample is sufficiently thick 
so that the radiation from the lowest layer is completely absorbed by the upper 
layers, then self-absorption corrections are not necessary (infinite thickness). 

In this study, for the determination of specific activity of SO; in solution, a 
suitable amount of (NH,).SO, solution was added to the 50 ml of filtrate, then 
BaSQ, was precipitated as usual. After filtering by using a glass filter ap- 
paratus, the sample of BaSO, was counted with 2x gas flow counter. In such a 
case, the specific activity, A, of SO; in filtrate is given by 


(5) 


where, Az is the specific activity of SO; in solution diluted with (NH,).SO,, and 
a and b are the amount of SO; (mg) in the original filtrate and in the added 
(NH,)2SO, solution, respectively. 
An example will afford a better understanding of the procedure. 
1. The cement used in this example was aerated in the atmosphere at 
high humidity for 24 hr. 
2. This cement contains 2.22 percent SO:, that is, the amount of SO; in 
1 g of the cement is 22.2 mg. 
3. The lime solution for extraction: SO, content was 30.9 mg per 100 ml, 
(W.), or 15.4 mg per 50 ml. 
(NH,)-SO, solution containing 47.5 mg of SO; was added to 50 ml of lime 
solution, BaSO, was precipitated, and then its activity was counted with 
the gas flow counter. Its activity was 3554 counts per min. From Eq. (5), 


the activity of SO; in the original lime solution, (A.), was calculated as 
follows: 


15.4 + 47.5 ' 
A= See < 3554 — 14,525 counts per min 


4. The filtrate: 1 g of the cement was shaken with 100 ml of the above 
lime solution for 4 min and the slurry was filtered. The 20 ml of filtrate 
were analyzed for SO;. The filtrate contained 40.2 mg of SO; per 100 ml, 
or 20.1 mg per 50 ml. 
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TABLE 2— AMOUNT OF SO, COMBINED AS SULFOALUMINATE IN 
DRY CEMENT 


Cement 





pn he ee ph pen o 22 1.68 | 1.94) 1.80) 1.45 | 187/ 2.04) 1.66 |1.61 
SO; combinedas | Eq. (3) |0.31 6.05 | 0.34 0.20) 0.32 0.11 | 0.04) —0.08 0.01 - 
sulfoaluminate, 


percent of total weight) | Eq. (4) |0.5C 0.18 047 0.38 038 022 015 0.07 0.12. 


percent of total weight 1.32 0.66 0.97) 0.88 0.72 0.75 1.02) 086068 C69 





After addition of (NH,).SO, solution which contained 39.6 mg of SOs, to 
50 ml of the filtrate, BaSO, was precipitated and its activity was counted. 
Its activity was 3490 counts per min. From Eq. (5) the activity of SO; in 
the filtrate, (A;), was calculated as follows: 


20.1+ 39.6 . 2 
, —— » 3490 = 10,355 counts per min 


5. According to Eq. (3), the amount of SO; combined with aluminate, 
W,, was calculated as follows: 


14,525 
W, = (W.+ W.) — W.(A./A;) = (22.2 + 30.9) — 30.9 x 10.355 > 9.8 mg 


AMOUNT OF SO, COMBINED AS SULFOALUMINATE 
IN DRY CEMENT 


Ten commercial cements (corresponding to Type I cement in the 
United States) were used in the investigation. 

The results are shown in Table 2. In this table, the line indicating SO; 
content of cement (percent), shows the total amount of SO; analyzed 
by the standard method. The lines indicating SO; combined as sulfo- 
aluminate (percent), show the amounts of SO; determined by the pro- 
cedure using S-35 and calculated from Eq. (3) and (4), respectively. 
The last line, unextracted SO; (percent), shows the amount of SO; ob- 
tained by applying Forsen’s method. (Forsen’s method: Cement is ex- 
tracted by lime solution and the difference between the total amount of 
SO; and the amount of SO; soluble in lime solution, i.e., unextracted 
SOs, constitutes the combined SOs.) 

These results show that the amounts of SO; combined as sulfoalumi- 
nate in dry cements were calculated to be —0.13 to 0.34 percent by Eq. 
(3) or 0.02 to 0.50 percent by Eq. (4). 

As already shown, even if gypsum is pure and finely ground, 2 to 5 
percent of it is not extracted by 4 min of shaking with lime solution. 
Moreover, in the case of commercial cement, some part of the SO; in 
the clinker or natural gypsum rock added could not be easily extracted, 
whereas the above calculation was made on the assumption that all of 
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Fig. |!—Amount of SO; 
cd combined as sulfoaluminate 
in cement, aerated under at- 
mosphere of high humidity 
(relative humidity 90-95 per- 
cent). Time indicated along 
curve shows aeration periods 


Combined 50... calculated 
in per cent of cement. 








1 T ' UJ 


T 
0 2 + 6 8 10 


Loss on ignition, per cent 


the SO, in cement is extracted after 4 min of shaking with lime solution 
The amount of unextracted SO; would be roughly estimated at 0.2 per- 
cent. Consequently, it seems probable that SO; combined as sulfoalu- 
minate would be absent in commercial cement. 

Thus, this method does not give the true amount of SO; combined 
as sulfoaluminate. However, except for the above, the error caused by 
this method of procedure is +0.05 percent, then the rate of combina- 
tion of gypsum with aluminate phases during the initial hydration pe- 
riod, which will be referred to later, could be estimated more accurately. 

The difference between the amount of SO; combined as sulfoalumi- 
nate and the unextracted SO; indicates clearly that a considerable 
amount of SO; was combined during the course of the shaking. 

An attempt was made to determine the amount of SO; combined as 
sulfoaluminate in cement which was aerated in the atmosphere at high 
humidity (relative humidity, 90 to 95 percent). The results calculated 
from Eq. (3) are given in Fig. 1. Fig. 1 shows that the combination of 
gypsum clearly takes place when the loss on ignition of cement reaches 
about 2 percent or more. 


COMBINATION OF GYPSUM DURING THE INITIAL 
HYDRATION PERIOD 


The amounts of SO; combined as sulfoaluminate in pastes during the 
first few minutes of the initial hydration period were determined. The 
results obtained with five of the commercial cements are given in Fig. 2. 
In Fig. 2, Cement A, B, and C had normal setting properties, while Ce- 
ment D and E manifested false setting tendencies. Cement A’ was pre- 
pared from Cement A by aeration in the laboratory (room temperature, 
20 C; relative humidity, 50 percent), so that it developed false setting 
tendency. W, values in Fig. 2 were calculated from Eq. (3). 
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TABLE 3—- AMOUNT OF SO, COMBINED AS SULFOALUMINATE IN PASTE 





Period of ‘hydration, min 0 “4 2 3 7 10 
From Eq. (3) K 0.75 0.92 26 1.38 
percent of total weight 
Cement A — ——__———++ — — 
From Eq. (4), . 081 0.96 : ¢ 1.38 
percent of t total weight 


From Eq. ( ( 3), . 0.39 0.48 . F 0.68 
percent of total weight 
Cement B ——— —- - -——-- —- ————— - - 
From Eq. (4), 0.45 0.53 y 0.70 
| percent of total weight 
’ From Eq. (3), fi 0.19 X 1.01 
percent of tot al weight 
Cement D — . EE . a oo 
‘From Eq. (4), . y 0.33 0.60 0.51 1.02 
percent of total weight 


Comparisons between the results derived from Eq. (3) and (4) are 
given in Table 3 for Cements A, B, and D. The shorter the hydration 
period, the greater the difference; but after 5 min or so the difference 
is small. From these results, it may be said that so far as the rate of 
formation of sulfoaluminate during the initial hydration period is con- 
cerned, it makes no great difference whether W, is calculated from Eq. 
(3) or (4). Hence, in further discussion the values of W, calculated from 
Eq. (3) will be dealt with. 

The results in Fig. 2 indicate that in the cases of normal setting cement 
(A, B, and C), a considerable amount of gypsum is combined as cal- 
cium sulfoaluminate within the first few minutes and then the rate of 
combination becomes very slow. It appears that approximately 50 per- 


nN 


Combined 30, per cent 

















0 


Time after contact with water, min. 


Fig. 2—Amount of SO; combined as sulfoaluminate during the first few min- 
utes of initial hydration period. A, B, and C are normal setting cements. A’, D, 
and E are false setting cements 
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4 ss Fig. 3—Amount of SO; combined as 
Aerate wail sulfoaluminate in paste which is pre- 


vr 4 pared from cement aerated in moist air 


Th 
+h 


Combined SO, per cent 








cent of the total SO; in cement pastes may be combined within a few 
minutes, whereas, in the cases of false setting cements (A’, D, and E), 
the combination of gypsum takes place about 3 min later; in other words, 
the combination of gypsum with aluminate is delayed for some reason. 

The curve shown by the broken line in Fig. 2 gives the amount of un- 
extracted SO; in the paste of Cement A obtained by shaking with lime 
solution, that is, Forsen’s method. This method indicates incorrectly 
that fairly large percentages of SO; are combined as sulfoaluminate 
during the first few minutes, and continue to be combined at a nearly 
uniform rate. But at ages greater than about 10 min the results are in 
substantial agreement with those obtained by the tracer technique. 

Fig. 3 illustrates the rates of combination of SO; in pastes which were 
prepared with cements aerated for 4 hr, 7 hr, and 6 days in moist air 
and containing fairly large amounts of SO; combined as sulfoaluminate 
(Fig. 1). When the cements contact the water the amount of SO; com- 
bined as sulfoaluminate decreases at first and then increases rapidly. 
The first decrease of sulfoaluminate may be explained by the presence 
of alkali carbonates which decompose the sulfoaluminate. After alkali 
carbonates are depleted by precipitation of CaCO;, the sulfoaluminate 
will be formed again. 


DISCUSSION 


As described above, the rates of combination of SO; in paste during 
the first 10 min of the hydration period were easily determined by the 
newly developed method using the radioactive isotope S-35 as a tracer. 
The rate of combination of SO; during the first 10 min is typified by 
the curve shown in Fig. 4. 

From this curve, the retarding action of gypsum may be explained by 
the theory of the formation of a protective film of calcium sulfoalumi- 
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TABLE 4— AMOUNT OF SO, COMBINED AS SULFOALUMINATE IN PASTE 
AT AGE OF 20 MIN BY FORSEN'S METHOD AND TIME OF SETTING DETER- 
MINED BY VICAT APPARATUS 





Total SO; Combined SOs; as Time of setting 
content, Extracted SO:,| sulfoaluminate, 
Sample No. percent of percent of percent of Initial, Final, 

total weight total weight total weight hr-min hr-min 








3-15 
3-25 





07 0-21 | 





-43 
-52 
-50 





nate, as concluded by Forsen and others, and amplified as follows. 

Gypsum in cement dissolves rapidly and calcium sulfoaluminate de- 
posits on the surfaces of unhydrated clinker particles as a slightly per- 
meable film (a — b, in Fig. 4). When the surfaces of aluminate particles 
are almost covered with the film (6), the subsequent combination is 
depressed (b—c). 

Since this depressed rate of combination (b—c) is very slow, the 
amount of SO; given by point 6 indicates practically the minimum 
quantity of gypsum required to obtain a properly retarded cement. Since 
the amount of SO; combined as sulfoaluminate at the age of 10 min or 
more can be determined by Forsen’s method, it may be possible to esti- 
mate the minimum gypsum requirement by applying Forsen’s method 
to paste at age of 10 min or so. 

To investigate this matter, penetration tests were carried out with 
cements that were ground in a laboratory mill from a commercial clinker 
and natural rock gypsum. Two ground samples were prepared. The 
first one contained gypsum equivalent to 0.70 percent SO;; the second 
contained gypsum equivalent to 2.13 percent of SO;. These two samples 
were blended to obtain several desired SO; contents. The results for 
the amount of SO; combined as sulfoaluminate at the age of 20 min by 








Fig. 4—Rate of combination of SO; as 
sulfoaluminate in paste 


Combined 80, per cent 
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Forsen’s method are given in Table 4, and the results of penetration 
tests are shown in Fig. 5. 

In this case (Table 4), the amount of SO; combined as sulfoaluminate 
during the first 20 min was about 0.70 to 0.75 percent, whereas the mini- 
mum SO; requirement estimated from the penetration tests would be 
about 0.85 to 0.90 percent. The difference between these values of SO; 
was about 0.15 percent and such a difference was also found in experi- 
ments with other clinkers. Hence, by taking this difference into consid- 
eration the approximate minimum SO; requirement can be easily esti- 
mated. 

Lerch* concluded that there was no difference between the effect of 
gypsum and that of plaster of Paris on the chemical reaction of cement. 
A clinker was ground with the natural rock gypsum in a laboratory mill. 
A portion of the cement was heated to 140C for 3 hr. The amount of 
SO; combined as sulfoaluminate in pastes at the age of 20 min was de- 
termined for the original cement and the heated cement and was 0.69 
and 0.91 percent, respectively. For a further study, two series of cements 
were ground in a laboratory mill to four degrees of fineness from 
a commercial clinker. The first series was ground with a natural gypsum 
and the second series was ground with a dehydrated gypsum which 
was prepared by heating the natural gypsum at 140C for 4 hr. The 


0- r No. 1 


(so, 0.70 %) 


No. 2 


(0.79 %) No. 3 


IS (1.00 %) 





No. 5 
(1.56 %) 





Penetration. mm. 








Time, hour 
Fig. 5—Penetration test by Vicat needle 
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TABLE 5— AMOUNT OF SO. COMBINED AS SULFOALUMINATE IN PASTE 
AT AGE OF 20 MIN BY FORSEN'S METHOD 


Cements containing Cements containing 
gypsum (SO 2.12 percent) dehydrated gypsum (SO; 2.12 percent) 





Combined SOs as | Combined SO; as 

Fineness by sulfoaluminate, Fineness by sulfoaluminate, 
Blaine’s method, percent of Blaine’s method, percent of 
sq cm per g total weight sq cm per g total weight 


2840 ‘ 2790 0.60 
3350 ' 3350 0.69 
3940 . 3950 0.81 
4420 A 4220 0.86 











amount of SO; combined as sulfoaluminate in pastes of these cements 
at the age of 20 min was determined by Forsen’s method. The results 
are given in Table 5. These results show that there was a difference in 
the amount of SO; combined as sulfoaluminate between the two series. 
Hence some difference may exist between the effect of gypsum and 
that of dehydrated gypsum in the early hydration process. 

In the case of cement that is slightly aerated and manifests false set- 
ting tendency, the combination of SO; does not take place within the 
first 2 or 3 min. The reason why the combination of SO; is delayed is 
not clear. As Hansen reported,” a reduction in the reactivity of alumi- 
nate as a result of aeration may be one of the reasons. As already seen 
in Fig. 3, the amount of SO; combined as sulfoaluminate in pastes that 
were prepared with cements aerated in moist air and containing a con- 
siderable amount of sulfoaluminate was decreased at first. These results 
perhaps indicate the formation of alkali carbonates which decompose 
the sulfoaluminate. Therefore, the formation of alkali carbonates by 
the aeration may also cause prevention of combination of SO;. (The 
probable mechanism of false set caused by aeration was described in 
the discussion of Hansen’s paper.*) 

Another consideration as to false setting properties may be possible. 
It is said, and perhaps is true, that the dehydrated gypsum formed dur- 
ing grinding causes false set through the crystallization of gypsum. 
Therefore, it appears that the tendency toward stiffening of paste de- 
pends on the amount of gypsum crystallized in paste, or in other words, 
on the amount of SO; which is not combined as sulfoaluminate in the 
first 5 min or so, if the gypsum in cement is completely dehydrated. 


SUMMARY 


To study the reaction rate of gypsum combining with calcium alu- 
minate when cement contacts water, a new method has been developed 
using radioactive isotope sulfur-35. 

Some investigations were undertaken by this newly developed pro- 
cedure. The results are summarized briefly as follows: 
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1. When cement is mixed with water, a considerable amount of gyp- 
sum is combined in the form of calcium sulfoaluminate in the first few 
minutes and then the rate of combination becomes very slow. 

2. In slightly aerated, false setting cement, the combination of gypsum 
occurs about 3 min later. 

3. Also, when cement is aerated at high humidity, calcium sulfoalu- 
minate is formed. In paste made from such a cement, the amount of SO, 


combined as sulfoaluminate decreases at first and then increases rapidly 
(Fig. 3). 
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Stresses in Deep Beams 


By ELIHU GEER 


Prestressed concrete |-beams with bearing blocks at their ends, when 
loaded to destruction failed in tension in the end block at its junction 
with the I-section. As this manner of failure is contrary to what known 
theories indicate, it was thought advantageous to investigate this matter 
more thoroughly. The purpose of this paper is to facilitate the design 
method of these end blocks by investigating stresses in deep beams, which 
are thought to be analogous to bearing blocks turned on their side. 

The deep beam theory is in contrast with the flexural theory in that it 
is mainly one of distributing a localized force. One unusual feature of 
deep beams discovered in the course of the investigation is that the great- 
est tensile stress occurs not at the midspan but near the face of the sup- 
port. Another interesting feature is that maximum stresses are a function 
of the magnitude of the load and not its location, e.g., the stresses caused 
by a load at the center of the beam are almost of the same magnitude 
as when the load is placed near the support. This study was limited to 
deep beams whose height was at least 0.5 of its clear span. 


Mone supers or THE Joun R. srivce! near Detroit, Mich., found that 
every test beam for that project, when loaded to destruction, failed in 
tension in the end block at its junction with the I-section. Fig. 1 shows 
the situation. These beams were made of precast blocks, post-tensioned 
with strands anchored by bearing against end blocks. United States 
naval research investigators* found the same type of failure in mono- 
lithic concrete beams. Although the presence of tension in the ends of 
prestressed concrete beams had been known for a long time, these 
failures were of interest as they showed a marked departure from the 
pattern of stresses in theories and methods proposed by authorities in 
the field. 

It was the purpose of this study to find a more suitable method for 
the design of end blocks for prestressed concrete beams of I-section. 
As the investigation revealed some significant and hitherto unreported 
phenomena in the subject of stresses in deep beams, this latter problem 
became a primary topic in the over-all study. 


651 
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HISTORICAL BACKGROUND 


Exact analysis of the stresses in a structural part bounded by several 
surfaces is impossible except in a few special cases. Since the introduc- 
tion of the concept of elasticity in 1678 by Hooke,’ there have been many 
contributions to the understanding of problems of this type. In 1888 
Boussinesq* gave an expression for radial st.ess at any point in a semi- 
infinite elastic body subjected to a point load. Flamant® in 1892 ex- 
panded the solution to that for a linear load, and Mitchell® in 1900 
furnished the solution in the case of load on a finite area. 

When a body is limited in extent, as by the sides of a beam, ease of 
analysis is greatly reduced, and resort is usually made to approximate 
methods. In 1923 Bleich’ gave a detailed statement of the use of trigo- 
nometric series in the solution of problems in plane stress. Tesar* in 
1932 published the results of photoelastic analysis of the stresses in the 
ends of a beam of rectangular cross section with force applied endwise. 
This case is found in practice in prestressed concrete beams. In his book 
on prestressed concrete, Guyon® presents an elaborate and thorough 
discussion of stresses in end blocks. Tables, charts, and diagrams furnish 
the designer with a wealth of information for analysis and design. As 
in other works, the I-beam is treated as a special case of the prismatic 
beam. Guyon explains the origin and nature of tensile stress in the end 
of a prestressed concrete beam by means of stress trajectories or iso- 
statics, thus furnishing an important key to the present study. Other 
investigators who have used this approach are Morice’ and Pirson." 


DEEP BEAM PROBLEM 


The departure of stresses in deep beams from straight-line distribution 
is well known. In 1932 Dischinger’’ used trigonometric series to deter- 
mine the stresses in continuous deep beams. The Portland Cement As- 
sociation prepared an expanded version’® of Dischinger’s paper and 
added solutions for simply supported spans. Chow, Conway, and Winter’* 
used finite-difference equations to solve simple-span deep beam problems. 
In the discussion” of the latter paper, it was brought out that a consid- 
erable amount of error existed because of the coarseness of the net and 
because of the inherent rounding off of peak values. 

Cheng and Pei'® added much to the theory of deep beams by solving 
the case in which no displacement is permitted at the supports. Other 


Fig. |—Failure in end block of the John R. Bridge 
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studies, including the present one, have assumed that the beams are free 
to slide on supports. Kaar’ in 1957 reported on tests made on models of 
simply supported deep beams. Other papers on this subject have been 
published by Nylander and Holst;'* Conway, Chow, and Morgan;'® Bay;”° 
Uhlman;*! and others referred. 

In view of St. Venant’s principle, we should not attempt to apply con- 
ventional flexural theory, or to think in terms of bending moment, with 
reference to a beam in which no point is more than the amount of the 
height (or depth) of the beam from a concentrated force such as a load 
or a reaction. The present study is limited to beams having a height to 
clear span ratio of at least 0.5. End blocks frequently have proportions 
such that the ratio is 1.25 or greater. 

A beam of typical proportions is shown in Fig. 2a. To bring out the 
origin of tensile stresses, a few stress trajectories are shown. At Point A, 
the trajectory shown by a solid line is concave inward. The stress along 
this line, being compressive, produces an outward resultant force as 
shown in Fig. 2b. There are many such trajectories in this vicinity, all 
producing outward resultant forces. The free left boundary can furnish 
no reactive force and consequently the cumulative effect is a tension 
in the direction of the dotted line. Incidentally, a study of Point B will 
indicate a possible source for tensile stress in the top of the beam. It is 
readily seen in a qualitative way that the action in a beam of these 
proportions is mainly one of the distribution of a localized force, as 
contrasted with the conventional flexural theory. Consequently the pres- 
ent study breaks away from the concepts of flexural stress except for 


a comparison of the magnitudes of the forces at the limits of the two 
theories. 








Hoa 








Fig. 2—Stress trajectories 
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PROCEDURE 

Solutions for stresses in a variety of beams, as shown in Fig. 3, were 
made by finite-difference relationships between Airy stress functions 
on a square gridwork, somewhat as described in the appendix of Timo- 
shenko and Goodier.*? The grid size was one sixteenth of the length of 
the beam in all cases, so that one weakness, that of the coarse net, of 
the Chow, Conway, and Winter solutions't was overcome. The other 
weakness, that of the rounding off of peak values, was overcome by 
using five points instead of three for second derivatives. This was veri- 
fied against the method of extrapolation from two networks given in 
books on numerical methods.** 


VARIATION OF STRESSES RELATED TO LOCATION OF LOADS 


Fig. 4, 5, and 6 show profiles of horizontal stress along the center line 
of span for various locations of load and for various ratios of depth to 
span. The following phenomena are of interest: 


(a) Compressive stress in the top fiber increases as load is added near 
center of span but decreases when load is added in the outer thirds of the 
top, tension is caused in the top fiber. 

(b) In the deeper beams, with load on the entire top, the maximum com- 
pressive stress occurs below midheight of beam. 

(c) The familiar triple neutral axes are seen in the deeper beams with 
central loading. The upper two of these neutral axes disappear with shal- 
lower beam or with greater spread of load. The location of the lowest neu- 
tral axis is fairly constant for any given ratio of depth to length, but is 
proportionately lower in deeper beams. A rule of thumb is to assume that 
the tension exists in a depth equal to a third of the clear span. 


(d) Total tension below the lowest neutral axis is approximately pro- 
portional to the total load on the span, especially for the deeper beams, 
when the loads are anywhere within the clear span. Total tension increases 
at a lesser rate when load is applied over the supports. Amounts are dis- 
cussed later. 
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Fig. 7 snows the variation along the span in horizontal stress in the 
lowest fibers for depth H equal to length L, with various portions of 
the length loaded. Startling departures from the conventional flexural 
theory appear therein. The greatest tensile stress is not at the midspan 
but is near to the face of support. Maximum tensile stress is practically 
independent of the location of the load, even to the extent that load 
placed only directly over the supports causes maximum stress of nearly 
the same amount as that caused by the same load placed on the central 
portion of the beam. There is of course in this case just as much tension 
in the top of the beam as in the bottom. The maximum intensity of 
stress in a deep beam depends on the amount of the reaction, not on the 
location of the load which caused it. It is somewhat disturbing to wonder 
if our shallower beams are similarly affected by local stresses at the 
reactions and loads. 

The amount of error caused by assuming uniform distribution of 
reactive force was investigated. The ends were considered as continued 
into, and supported by, elastic bodies. It was found that the reactive 
stress was greater at faces of support, as could be expected, but that 
otherwise stresses were unaffected. Width of supports was taken as L/8 
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RATIO OF STRESS TO LOAD Fig. 6— Variation in hori- 
Tres TTT zontal stress depth of beam 
C = clear span 


%| RATIO OF LOADED LENGTH 
TO CLEAR SPAN 
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for most of the computations. The PCA pamphlet’ stated in effect that 
the stress curves at midspan are nearly alike whether the width of 
support be 1/5, 1/10, or 1/20 of the span (center to center of supports). 
In the present study, one beam having a width of support equal to L/16 
and another of 3/16 were solved. The total tensions at midspan com- 
pare closely with the beams having the same clear spans, depth, and 
loading but having supports L/8 in width. Maximum tensile stress is 
greater with narrower support. 


Total tensile force 


The designer of a concrete beam is interested in the total amount of 
the tensile force, and previous papers have tabulated this force. The 
PCA pamphlet used span center to center of supports. The Chow- 
Conway-Winter paper’ used over-all length. Fig. 8 of the present study 
uses the ratio of height of beam to clear span, as it avoids introducing 
width of support and makes a definite break with the concept of bending 
moment. 

The total tensile force is expressed as a fractional part of the total 
load. It will be noted that there are several curves depending on the 
spread of the load. In the discussion of the maximum tensile stress it 
was pointed out that its intensity was independent of the location or 
spread. Not so for the total tensile force. Just as in the conventional beam 
theory a point load creates more stress than the same load distributed 
over the length of the beam, so also in deep beams the total tensile force 
is greater if the force is over a shorter portion of the beam. Points for 
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the curve marked zero, i.e., point load at midspan, were determined by 
extrapolation from the other curves. 

It will be noted that width of beam has not entered into the computa- 
tions. It is assumed that each unit width has the same unit loads and 
stresses. 

To help decide on the ratio of height to span at which conventional 
theory should end and deep beam theory should begin, the total tension 
computed by the conventional theory is shown in dashed lines super- 
imposed on Fig. 8. 


Stresses due to weight of beam 


Stresses due to weight of beam were solved for two ratios of depth 
to span. In other computations loads were applied at top of beam. Fig. 9 
shows the dimensions of these beams. Fig. 10 shows the stresses at mid- 
span and the stresses along the bottom. The stresses are practically the 
same as those due to the same loads applied at top of beam. 
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CONTINUOUS DEEP BEAMS 


It is suggested that another careful look ought to be taken at contin- 
uous deep beams. Some of the most important papers have dealt with 
that case. Yet small variations in the conditions of end support can 
change the stress patterns completely. A small amount of shrinkage 
between unyielding ends can place every portion of the beam in tension. 
Movement of the ends due to external forces could create compressive 
horizontal stresses in every part of the beam. One possibility is that 
the sum of the horizontal forces acting against a section equals zero. 
In such cases investigators have found compression at the bottom face 
over the support but tensile stresses only a small distance higher. 
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Fig. 1|—Quasi continuous beam 
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If we have accepted the principle that stresses in a deep beam are a 
function of the spread of localized forces rather than due to bending 
moment, we should be prepared to expect to find tensile stress in the 
bottom only a short distance from face of support. 

Fig. 11 shows a beam which is not continuous but which does have 
the same stress patterns at supports and midspan as does a continuous 
beam. Turned on its side, this beam becomes an end block of a pre- 
stressed concrete beam, with two bearing blocks. Fig. 12 shows the 
horizontal stresses on a vertical line through the center of support, on 
a vertical line at midspan, and along the bottom edge. 

Examining the stresses over the support we can conclude that the 
beam needs reinforcement in the bottom over the support more than 
anywhere else in the beam. Incidentally this is the shape of stress profile 
used by Magnel, Guyon, Bruggeling, and others for the design of end 


RATIO OF STRESS TO LOAD PER UNIT LENGTH 
© 05 0 -05 05 0 -O5 +0 -15 -20 -25 -30 


Eh 


RATIO OF STRESS TO 
LOAD PER UNIT LENGTH 


“30-25 -20 -15 -10 -05 





ee eeee 


aS Se ee ee ee ee ee ee ee ee ee 


ALONG BOTTOM ACROSS < SPAN ACROSS € SUPPORT 


Fig. 12—Stresses in quasi continuous beam 





660 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE January 1960 


blocks. It is in good agreement when there is uniform pressure at one end 


of the block. However, it does mot apply when the prestressed beam is of 
I-section. 
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CURRENT REVIEWS 


of Significant Contributions in Foreign and Domestic Publications 


Construction 


Reinforced concrete props as min- 
ing supports (in Polish) 
W. Mii_xowsk1, W. Perxowsk!, F. Ruset, Prace 
Glownego Instytutu Gornictwas (Stalingrad), 
No. 207, 1958, 12 pp. 
Po.isH TECHNICAL ABSTRACTS 
No. 1 (33) 1959 
Describes reinforced concrete col- 
umns, 458 in. in diameter, that are used 
to support rock roofs in mining shafts. 
These columns are investigated with 
regard to the effect different types of 
heads (used for capping) have on the 
ultimate bearing strength. 


Development of the design of stor- 
age tanks in Hungary (in Hungarian) 
B. Gnapic, Gy. Markus, and J. Tuoma, Viz- 


ugyi eae ~ No. 2, 1958, pp. 133-165 
JNGARIAN TECHNICAL ABSTRACTS 
V. 11, No. 1, 1959 


Describes the development after 
World War II of field storage tank 
construction. Some of the more note- 
worthy tanks designed by the authors 
are described. One is a lentiform rein- 
forced concrete tank of 3000 cu m ca- 
pacity. In the construction of this tank, 
as compared to older types, the use of 
framework and scaffolding can be al- 
most entirely eliminated and _ the 
amount of concrete and steel is con- 
siderably reduced. 

Comparative analyses on the econ- 
omy of approximately 120 tanks of 
various sizes show that with tanks ex- 
ceeding 300 cu m capacity the joint 
application of prefabrication and stress- 


ing resulted in an average saving of 
43 percent concrete, 45 percent steel, 
and 80 percent timber. Different stress- 
ing methods have been introduced: 
(a) stressing by the vertical oblique 
displacement of the wires wound hori- 
zontally around a cylindrical tank, (b) 
stressing by the oblique displacement 
of the wires wound around a conical 
tank, (c) stressing by the radial dis- 
placement of the wires wound around 
a cylindrical tank. 


Winter concrete placement com- 
pletes ICBM base on time 
Contractors and Engineers, V. 56, No. 10, Oct. 
1959, pp. 34-36, 41-42 

The $12 million contract to build the 
first squadron launching facilities for 
intercontinental ballistic missiles near 
Cheyenne, Wyo., was scheduled for 
completion in 390 calendar days. There 
was no alternative but to carry on the 
work through the winter at maximum 
speed. Actually, there were few days 
during the entire winter when concrete 
was not being placed and other work 
was also in progress. The contractor 
made suitable provisions to fight the 
cold. Work, carried on simultaneously 
on three of the launchers, was protect- 
ed with enclosures of plywood, canvas, 
and clear plastic film. While the basic 
reinforced concrete frame of each 
launcher was being built, almost the 
entire structure enclosed in a 
housing. Then, after the concrete had 
been placed and cured, portions of the 
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enclosures were removed and re-used 
on other structures. Openings in the 
concrete walls were then closed with 
temporary doors or with coverings of 
plastic film so that work could con- 
tinue inside. Heat inside the enclosures 
was provided by steam boilers and unit 
heaters, and oil burning heaters. 28,000 
cu yds of concrete was produced on 
the site. Water for the mix was heated 
to 135 F by a steam boiler, but the dry 
ingredients were not heated. Two 
cranes took the concrete from the tran- 
sit mixers and hoisted it to the forms. 
The workmen opened the canvas roof 
covers just enough to permit concrete 
to be placed and vibrated. Then the 
covers were replaced, and a tempera- 
ture of at least 50F was maintained 
inside the enclosure for a 7-day curing 
period. Exposed surfaces were sprayed 
with curing compound. A crew of about 
300 men worked through the winter 
to keep the project on schedule and as 
weather became more favorable, the 
crew was augmented until it reached 
a peak of about 600 men. 


New method for concreting shafts 
in South African gold mines (Ein 
neuartiges Verfahren zum Beton- 
ieren von Schachten aus dem suda- 
frikanishen Goldbergbau) 
Apotr Meyer and M. H. Txompson, Bau- 
Maschine und-Technik (Wiesbaden), V. 6, 
No. 8, Aug. 1959, pp. 293-302 

Mine shafts lined with concrete or 
reinforced concrete offer many advan- 
tages both as regards costs and per- 
formance, provided they are properly 
designed and executed. The shaft de- 
scribed will be sunk to a depth of 1950 
m and will have a diameter of 8.38 m. 
Before sinking operations began, ce- 
ment grout was injected into the earth 
down to 720 m. The shaft sinking op- 
erations were not interrupted by other 
concrete work. The concrete was con- 
veyed from the concrete plant to the 
point of use by pipes. Up to 60 cu m of 
concrete can be handled per hour by 
two pipes having an internal diameter 
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of 152 mm. The sinking platform has 
three decks and also carries the me- 
chanical lashing equipment. The steel 
forms consist of a 80 cm high ring and 
a 3.80 m high liner plate. Stripping is 
generally done after 8 hr. Three sec- 
tions (13.80 m) were usually executed 
in 2 days. Details are given on soil 
stratification, structural and mechanical 
sections, equipment, and construction 
procedure. 


Construction Techniques 


Torsion 
driving 
Ben C. Gerwicx, Jr., Journal, Prestressed 


Concrete Institute, V. 4, No. 1, June 1959, 
pp. 58-63 


in concrete piles during 


Reports on the cracking and resulting 
failure of concrete piles during their 
installation and the ensuing investiga- 
tion that was conducted to determine 
the cause or causes. The investigation 
indicated that the prime factor causing 
cracking was the torsional reaction of 
the driving head on the pile, acting 
alone or in combination with the ten- 
sile rebound stresses. This twisting of 
the piles by the driving head was elim- 
inated by having all pile heads rounded 
by a manual chipping process. This 
together with careful driving procedure 
eliminated all subsequent failures. 


Construction of apartment houses 
with cellular, sandless, large blocks 
in the far north (in Russian) 

E. I. KricuevsxataA, Bulletin Stroitelnoi Tekh- 
niki (Moscow), V. 15, No. 11, Nov. 1958, pp 


36-39 
Reviewed by Hersert E. Kese 


In the Soviet Union, regions above 
the arctic circle have no sand, so crush- 
ed stone of basaltic rock (which is in 
abundance there) is used as raw mate- 
rial for manufacturing large wall blocks 
to build houses. The article describes 
the building practices for this method 
of construction. 

Area for a standard apartment house 
is 960 sq m and is normally four stories 
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in height. The material for both ex- 
terior and interior building walls is 
large precast concrete blocks. The wall 
thicknesses are 64, 51, and 40 cm, cor- 
respondingly, and the size of the blocks 
varies between a maximum size of 
178.5 x 137.5 x 64 cm, used in exterior 
walls, to a minimum size of 88.5 x 51 x 
40 cm used for building interior walls. 
Weight of a single large block 1.5 to 
2.0 tons. The building blocks are mass- 
produced at a concrete mixing plant, 
and transported to the building site by 
trucks. 

Proportions of concrete mix for the 
manufacturing of blocks is 1:10 or 1:12, 
i.e., 1 part portland cement to 10 or 
12 parts of crushed stone, no sand 
or fine aggregates are used. The gradu- 
ation of the aggregate is between 10 
and 20 mm while the water-cement ra- 
tio is given as 0.45. Addition of 4 per- 
cent gypsum by weight is recommend- 
ed to increase the strength of blocks. 
After the concrete is placed into forms, 
they are automatically conveyed into 
a chamber for steam curing, a process 
of 18 hr duration. Next step is the re- 
moval of forms and storage handling. 
The article states that this method of 
construction is found to be the most 
economical for that particular region. 


Ganged forming helped complete 
bridge on time 


Roads and Streets, V 
pp. 82-83 


102, No. 8, Aug. 1959, 


Describes the use of pre-assembled 
forms for constructing a large number 
of girders for a bridge in Gary, Ind. 
These prefabricated forms 
labor and time. 


saved on 


The changing face of concrete 


Concrete Construction, V. 4, No. 8, Aug. 59, 


pp. 1-6 

Describes a variety of techniques 
available that are used to alter the ap- 
pearance of concrete surfaces from a 
dull flat finish to something more deco- 
rative. This is done in two basic ways, 
they can be applied during the forming 
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stage before the concrete has hardened, 
or they can be applied to the finished 
concrete surface. Some of the surface 
effects achieved are wood-textured, 
striated, exposed aggregate, textured, 
rough or dimpled, and patterned. 


Use of liquefied bituminous binders 
for curing concrete (in Polish) 

S. Wospanowrlcz, G. Wospanowlcz, Drogownic- 
trvo, No. 7, 1958, pp. 168-171 


Po.tsH TECHNICAL ABSTRACTS 
No. 1 (33), 1959 


Reports on the use of liquefied bi- 
tuminous binders for curing freshly 
laid concrete. Study indicates that in- 
creasing the volatility of the solvent 
gives a more watertight curing film. 
This process reduces the cost of curing 
by 24 to 32 percent. 


CRSI recommended practice for 
placing reinforcing bars 


Concrete Reinforcing Steel Institute, Chicago, 
1959, 287 pp., $3 


This is a handy pocket-size manual 
which contains much valuable informa- 
tion and many practical hints on rein- 
forcing bar placement not available in 
textbooks. Although originally written 
as a guide for reinforcing bar setters, 
it was expanded to include information 
for detailers, engineers, architects, con- 
tractors, and field inspectors. The man- 
ual summarizes the best of the accepted 
current practices in the placement of 
reinforcing bars, welded wire fabric, 
and their supports in reinforced con- 
crete structures. It should be a valuable 
aid to teachers and students of archi- 
tecture and engineering. 

The main section includes hints on 
unloading and storing reinforcing bars, 
preassembly, handling of bars, and plac- 
ing plans and specifications. Bar sup- 
ports and spacers, and the placing of 
bar supports in various types of con- 
struction are covered thoroughly. Also 
included are sections on field welding, 
tie wire, tolerances in placement, and 
welded wire fabric. Specifications and 
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detailed instructions are given for 
placing bars in footings, columns, foun- 
dations, walls, floors, and beams. There 
is a section on inspection of reinforcing 
bars in place. In addition to describing 
various types of reinforced concrete 
construction, there is a general section 
describing individual structural mem- 
bers. 


Nuclear plant demands new con- 
struction idea 

AntHony N. Mavrovupis, Contractor and En- 
gineers, V. 56, No. 9, Sept. 1959, pp. 22-24, 
26, 27 

Reports on the construction tech- 
niques used in the building of a nu- 
clear power station. The biggest job at 
the plant was the construction of the 
160 ft diameter steel containment 
sphere and its external concrete shield- 
ing wall and dome. 

The 181-ft-diameter shielding wall, 
which is 90 ft high, was widened from 
5% ft to 7% ft for the last 20 ft of its 
height. This circular wall was pre- 
stressed by having 275 miles of wire 
wrapped around its top. Top was pre- 
stressed to provide inward thrust to 
counteract lateral thrust, caused by the 
weight of 24 precast, reinforced con- 
crete dome ribs, which form the roof 
over the steel sphere. The specifics of 
prestressing are discussed. 


Dams 


Handbook on multiple buttress dams 


(Sbornik prac o clenenych priehrad- 
ach) 


Slovenske vydavatelstvo techniskej literatury 
(Bratislava), 1955, 938 pp., $10 
Reviewed by J. J. PoLttvKa 
This voluminous handbook is out- 
standing as to the thoroughness of gen- 
eral description, design, and construc- 
tion of these special types of dams 
which are used economically all over 
the world. Authors of 25 chapters are 
recognized specialists: Chapter 1 by L. 
Hobst: structural layout and arrange- 
ment, spillways, flood gates. Chapter 
2 by L. Hobst, A. Korvas, and J. Lau- 
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dat: describes various type dams, es- 
pecially those built in Russia and 
Czechoslovakia. Chapter 3 by K. Loss- 
mann: foundations of multiple-buttress 
dams under various soil conditions. 
Chapter 4 by Lossman: construction 
procedure, study of geological condi- 
tions, properties of water, diversion of 
streams, installation of construction 
equipment, mixing and placing of con- 
crete, supervision during construction, 
and technical and economical evalua- 
tion of the dam after completion and 
during the following years. Chapter 5 
by A. Korvas: organization and me- 
chanical installations on construction 
site, transportation of equipment, and 
building materials, etc., thoroughly dis- 
cussed in 28 examples. Chapter 6 by 
L. Hobst: use of prefabricated (pre- 
cast) structural units and their assem- 
bly. Chapter 7 by A. Pavlik: presents 
methods and procedures used in manu- 
facturing precast, prestressed, structur- 
al members; new method of manufac- 
turing precast members under lower 
atmospheric pressure based on research 
performed in Russia, properties of vac- 
uum aggregates, lifting and transporta- 
tion of precast members, and methods 
of their assembly. Chapter 8 by J. 
Stork: technology of concrete, proper- 
ties of materials and concrete for this 
type of dam. Chapter 9 by A. Pavlik: 
vibration of concrete, its theory and 
effects on properties and quality of 
concrete, bond of reinforcement, 
hesion between old and new layers, 
vibration under water and necessary 
equipment, preferable methods of vi- 
bration, and test results. Chapter 10 
by L. Hobst: scaffolds, forms, and mov- 
able shoring for plain and hollow 
buttresses. For interconnecting slabs 
and shells, a description is given of the 
bracings, materials of forms (wood, 
plywood, steel, combination of wood 
and steel, wire mesh and cloth), effects 
of forms on quality of concrete, forms 
with absorbing surface, forms in rein- 
forced concrete. Chapter 11 by L. Hobst: 
design of expansion joints in founda- 
tion slabs, buttresses, retaining struc- 


ad- 
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ture, and sealing materials. Chapter 12 
by L. Hobst: rigid reinforcement, its 
advantages and applications. Chapter 
13 by L. Mejzlik: structural design, 
while considering factors of safety and 
economy, most economical spacing of 
buttresses, and shape of retaining shells 
(advantages of the Noetzli type). Chap- 
ter 14 by L. Jejzlik: loads to be con- 
sidered in design, such as; static and 
dynamic water pressure, effect of 
waves and ice, gravity load, uplift, 
effects of temperature changes on 
shrinkage of concrete, stresses in foun- 
dations, earthquake stresses, combina- 
tion of maximum stresses with stresses 
due to mechanical prestressing of the 
dam. Chapter 15 by K. Konrad: tem- 
perature changes, conductivity of air, 
water and materials, radiation, recip- 
rocity of radiation of two solid bodies, 
thermal connection and transmission, 
their coefficients and analytical expres- 
sion. Chapter 16 by L. Mejzlik: deter- 
mination of stability and safety for 
various inclinations of buttresses. An- 
alysis and its criteria are shown in 
numerical example. Chapter 17 by P. 
Peter: effects of underground water 
pressure on seepage and their preven- 
tion, spillways, scour pipes, hydraulic 
disturbances, erosion, effects of freez- 
ing, various methods of stabilization, 
injection of cement and other materials, 
and chemical soil solidification exam- 
ples. Chapter 18 by L. Mejzik: analysis 
of restrained arched shell with exam- 
ple. Chapter 19 by J. Brilla: two- 
hinged arch with three curvatures. 
Chapter 20 by Z. Cermak and J. Brilla: 
analysis of concrete arches restrained 
by buttresses and foundation slab (for 
all possible loadings). Chapter 21 by 
Z. Cermak: analysis of the crown struc- 
ture. Chapter 22 by J. Babuska, Fr. 
Vycichlo, Fr. Kroupa, and K. Rektorys: 
analysis of triangular dams on elastic 
foundations. Chapter 23 by J. Brilla: 
analysis of buttresses. Chapter 24 by 
L. Mejzik: analysis and design of foun- 
dations. Chapter 25 by Z. Cermak: ex- 
perimental stress analysis. 
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Design 


Intrinsic theory of torsion (in Span- 
ish) 
Gunter Lumer, Facultad de 


Ingenieria y 
Agrimensura (Montevideo), No. 16, Sept. 
1958, pp. 15-22 


Reviewed by EmmLio ROsENBLUETH 


Derivation of equations pertaining to 
the elementary theory of torsion of 
prismatic beams using abbreviated ten- 
sor notation. 


Contribution to the analysis of plates 
with locally varying slab thickness 
(Ein Beitrag zur Berechnung ortlich 
dickerer Platten) 
GunTeR HoeELtanp, Beton und Stahlbetonbau 
(Berlin), V. 54, No. 3, Mar. 1959, pp. 65-69 
Reviewed by Rupo.pn SZILarp 
Whereas the analysis of isotropic and 
orthotropic slabs is facilitated by the 
use of extensive tables, slabs with lo- 
cally varying slab thickness (like slabs 
with haunches) are not treated. The 
investigation of such problems can be 
attacked by the solution of differential 
equations covering different thickness 
zones or by iteration, which has been 
used by the author. The first approxi- 
mation, for instance, in computing in- 
fluence fields can be taken from tables 
assuming uniform slab thickness, this 
value will be corrected by an addition- 
al value. The method is illustrated by 
a numerical example. 


Helical stairs (in Spanish) 


F. CASSINELLO, 
(Madrid), V. 


Informes de la Construccion 
10, No. 100, Apr. 1958, 14 pp. 
App.iep Mecuanics REvVIEws 
May 1959 (Sciammarella) 
Purpose of the paper is to provide 
the engineer with an easy tool for the 
analysis and design of helical stairs. 
Author points out the difficulties of a 
rigorous analysis, and develops the 
problem on the basis of the simplifica- 
tions of the beam theory. The differen- 
tial equations of equilibrium for a 
beam element are derived, using stress 
resultants across normal sections. The 
integration of six simultaneous linear 
differential equations leads to six inte- 
gration constants, depending on the 
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boundary conditions of the beam. These 
constants are given by a system of six 
linear equations that are obtained con- 
sidering the beam as a redundant 
structure. In deriving the coefficients 
of the equations, bending and torsion 
deformations are considered, and shear 
and normal deformations are neglected. 
Solution is carried out for a beam 
double-clamped at both ends. The final 
matrix can be split into two matrices, 
one of the second order, for symmetric 
loading; one of fourth order, for anti- 
symmetric loading. Paper is comple- 
mented with a numerical example. 


Effects of torsion in tall buildings 
(in Spanish) 
J. Ricatpont, Facultad de Ingenieria y Agri- 
mensura, (Montevideo), No. 16, Sept. 1959, 
ascii Reviewed by EmMILio RoSENBLUETH 
Review of present elementary meth- 
ods for computing shear distribution 
among frames of a given floor in a 
building subjected to eccentric lateral 
loads. Author considers with some de- 
tail the case in which drift of each 
frame is assumed proportional to the 
horizontal shear taken by that frame 
in the floor under consideration. He 
gives an indication of procedures to 
be followed when flexural deforma- 
tions of a shear wall are not negligible. 
Also included are standard formulas 
for computing shear stiffness of frames 
and various types of bracing. Paper is 
clearly written and gives a good, even 
if brief, bibliography. 


Practical calculation of reinforced 
concrete (Calcolo pratico del cemen- 
to armato) 


Grorcio NEuMANN, 2nd Edition, Edizioni Cre- 
monese, Rome, 1958, 292 pp., 3200 L 
Reviewed by J. J. PottvKa 
Presents thorough information on 
concrete as structural material with 
emphasis on recent improvements and 
applications (shells, domes, and other 
space structures). Part I treats charac- 
teristic properties of the materials, na- 
ture, proportioning of mixes, their 
control, inspection before and after 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


January 1960 


concreting, and testing. Part II refers 
to design and calculations, including 
details and specifications, of various 
structural types and members such as 
foundations, columns and _ pilasters, 
floors, beams, frames, arches, roofs, 
shells, and domes. Simplified methods 
of calculation are presented, accom- 
panied by numerical examples and ta- 
bles. Various admixtures and their 
properties are discussed and full in- 
formation presented on lightweight 
concrete and its aggregates, precast and 
prepacked concrete, and various con- 
struction methods. Special attention is 
given to floors with hollow block in- 
troduced in Italy by the author half 
century ago. Also the monolithic com- 
bination of three materials, concrete, 
steel, and glass (“glass-concrete”) and 
its advantages is described. 


Introduction to the dynamics of 
framed structures 


Grover L. Rocers, John 


Wiley & Sons, Inc., 
New York, 1959, 355 pp. 


The author presents in a logical man- 
ner an introductory exposition on the 
theory of structural dynamics as it per- 
tains to the special problems of beams 
and rigid frames. He deals with the 
particular problems involved in the 
design of bridges and buildings and 
pitches the material at a mathematical 
level. 

He discusses the combined systems 
using a matrix formulation that makes 
possible a straightforward attack on 
systems having multidegree of freedom, 
with or without damping, and subjected 
to arbitrary disturbances. The book 
treats the problem of distributed mass 
systems, using the theory of orthogonal 
functions as the mathematical tool and 
extends the moment balancing proce- 
dures of structural statics to the sub- 
ject of structural dynamics. Author 
relates the formulation of all problems 
to the direct applications of Newton’s 
laws of equilibrium. 

After discussion of dynamic disturb- 
ances, the book goes into structures 
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with one degree of freedom, two de- 
grees, and multidegrees, then develops 
vibrations, inelastic beams, continuous 
beams, rigid frames, and floor systems. 
Final chapter discusses certain energy 
methods including the equations of La- 
grange. 

The reader should be conversant 
with the statics of frame structures 
and have an interest in the application 
of mathematical methods to all struc- 
ture’s problems. 


Some uses of matrix methods in 
structural analysis 


J. L. Meex, Civil Engineering Transactions, 
Institution of Engineers, Australia (Sydney), 
V. CE 1, No. 2, Sept. 1959, pp. 81-89 
AutHor’s SUMMARY 
The first section outlines the use of 
the Maxwell-Mohr superposition equa- 
tions, and stresses that these equations 
give a rapid solution to structural prob- 
lems with techniques now available. 
Suitable techniques, based on matrix 
algebra, are given for solving these 
equations using high-speed desk cal- 
culators. The second section is a brief 
introduction to the “force method” of 
analyzing structures using matrix meth- 
ods suitable for programming on auto- 
matic digital computers. 


Elastic stability computation of un- 
supported reinforced concrete 
frames (Knickberenchnung freiste- 
hender Stahlbetonrahmen) 


HABEL, aaee und Stahlbetonbau (Ber- 


ALFRED 
lin), V. 54, No. 2, Feb. 1959, 


yt ho) eseanes Szmarp 

The article treats the practical buck- 
ling problem of the most common rein- 
forced concrete frames based on the 
idealized materials following Hooke’s 
law. According to the assumptions, 
loads are acting on the joints only. 
Buckling formulas are derived for the 
columns and beams of simple frames 
with hinged and fixed columns, three- 
legged frames with the similar boun- 
dary conditions as above. Variation of 
the moment of inertia is also consid- 
ered. Buckling of multistory building 
frames is treated, also. Due to the com- 
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plexity of the problem certain approxi- 
mations are inevitable. For cases not 
handled in the article merely an “edu- 
cated guess” is recommended (for un- 
supported length mostly the distance 
to the moment zero points) which is 
according to the author, sufficient for 
most practical cases. 


Concrete silos 
T. J. S. Mattacu, Transactions, Institution of 
Civil Engineers of Ireland (Dublin), V. &, 
June 1957-May 1958, pp. 123-146 

Discusses pressures in deep silos, size 
and shape of bin, hoppers, methods of 
bin discharge, and methods of construc- 
tion. Examples of blockwork silos are 
given. Drawings show plans and sec- 
tions for different types of silos. One 
chart gives the calculation of factor 
of safety for loads in accordance with 
Baker’s weighting method for three 
types of grain silos: blockwork with 
central discharge at moderate rates, 
concrete hoppers; in situ concrete, with 
central discharge at moderate rates, 
concrete hoppers; and in situ concrete 
with offset discharge at rapid rates, 
and/or steel hoppers. 


Industrial building details 
Duane F. Roycrart, F. W. Dodge Corp., New 
York, 2nd Edition, 1959, 356 pp., $12.75 
This is the first handbook of its type 
presenting over 1500 architectural de- 
tails for contemporary industrial build- 
ings. These details cover every part of 
the industrial building and include 
structural details, walls, windows, lou- 
vers, roofs, parapets, monitors, floors, 
ventilators, stack curbs, expansion 
joints, flashing, canopies, doors, door 
frames, stairs, ladders, platforms, hatch 
covers, manholes, storage and trans- 
portation facilities, and many more. 
These details have all been taken or 
adapted from actual construction draw- 
ings and many include dimensions that 
apply to the specific building, or build- 
ings, in which they were incorporated. 
A highly useful key to symbols and ab- 
breviations is given and a complete in- 
dex enables the designer to locate any 
detail in a moment. The introductory 
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comments in each chapter are intended 
to aid proper selection of details by 
explaining features or operating prob- 
lems that may not be obvious from an 
inspection of the drawings themselves. 
This should be a valuable reference for 
architects, engineers, designers, drafts- 
men, plant engineers, engineering de- 
partments, and industrial building con- 
tractors. 


Proposed design for reinforced con- 
crete structures 
P. J. Carrowit, Progressive Architecture, V. 50, 
No. 6, June 1959, p. 165 

It is proposed that the usual factor 
of safety on the dead load be reduced 
in the design of reinforced concrete 
structures. Although there would be 
higher stresses, but not excessive, in 
the steel and concrete, the author points 
out six primary advantages that would 
result. 


Plastic analysis of structures 

P. G. Hopce Jr., McGraw-Hill Book Co., New 
York, 1959, 364 pp., $10.50 

AppLiep MECHANICS REVIEWS 
July 1959 
Book presents the techniques used in 
the analysis of structures beyond the 
elastic limit and the conditions under 
which a plastic analysis is appropriate, 
safe, and economical. Structures treated 
include beams, frames, shells, plates, 
and slabs under static and variable 
loadings, including dynamic effects. 
Two basic theorems are emphasized 
which enable lower and upper bounds 
on the loading capacity to be deter- 
mined by independent consideration of 
static and kinematic conditions respec- 
tively. Book has two parts: Part I treats 
in detail the application of plastic 
methods to bending of beams and 
frames, and also deals with elastic- 
plastic deformations, variable and re- 
peated loading, and direct procedure 
of design. Part II is primarily con- 
cerned with combined stresses in 
beams, circular plates, and cylindrical 
shells. A brief introduction to some of 
the problems encountered in the dy- 
namic loading is included. At the end 
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of each chapter problems with exam- 
ples are thoroughly discussed. Exten- 
sive bibliographies and references are 
given. 


The planning of concrete tunnels 
T. Harosy, A Magyar Tudomanyos Akademia 
Muszaki Tudomanyok Osztalyanak Kozlemen- 

yei, V. 23, No. 1-2, 1958, pp. 39-62 

HUNGARIAN TECHNICAL ABSTRACTS 
V. 11, No. 2, 1959 
The strength conditions of rock sur- 
rounding a tunnel possess a far greater 
degree of uncertainty than the play of 
forces in the tunnel supports. Therefore 
the conventional procedure used in de- 
signing (that of first establishing rock 
pressure and subsequently conforming 
the dimensions of the tunnel supports) 
has been abandoned for the reverse 
procedure. A simple method for de- 
termining the stresses in the supports 
and their deformation in tunnels of 
circular cross section is introduced by 
means of a fundamental load pattern. 
This is verified by a numerical exam- 
ple. The load pattern is based on the 
maximum roof pressure and the mini- 
mum side pressure for whose theoreti- 
cal determination some easy to manage 
and well-known formulas approximat- 

ing actual conditions are mentioned. 


Analysis of cylindrical shell roofs 
with longitudinal prestress by the 
substitute prismatic shell method (in 
German) 

G. Scumausser, Bautechnik (Berlin-Wilmers- 
dorf), V. 34, No. 2, Feb. 1957, pp. 44-49 


Appiiep MEcHANIcS REVIEWS 
May 1959 (White) 


Method consists in replacing the 
curved shell by a series of flat plates; 
it has been used previously for roofs 
without prestressing. The prestressing 
wires are assumed to be either straight 
or with parabolic curvature in plane 
normal to surface. The force they exert 
on the roof is equivalent to two (for 
straight wires) or three (parabolic 
wires) external loads on each roof 
plate: (1) a longitudinal centric force 
at each end; (2) a couple at each end; 
(3) a uniform loading normal to the 
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plate. Following cases are treated: long 
shells (L/B> 2); intermediate shells 
(1<L/B<2); single longitudinal span; 
single or multiple lateral spans; unsym- 
metrical loading and shape laterally; 
symmetrical loading and shape longi- 
tudinally; smooth load variation: con- 
stant thickness of each plate (not 
necessarily shell); prestress wires in 
shell and/or edge beams anchored at 
ends of roof. 


Calculation for the carrying capacity 
of concrete compounds of rectangu- 
lar section taking into consideration 
the prevention of crack appearance 
(in Russian) 


G. P. ORLENKO, 


Trudi Novacherkas, 
In-ta, No. 33-37, 7 


1956, pp. 171-190 
AppLiep Mecuanics REvIEws 
June 1959 


Politekbn 


Formulas are derived for determin- 
ing the load carrying capacity of con- 
crete beams subjected to deflection, 
axial tension, and eccentric tensile and 
compressive forces. Formulas are de- 
rived so as to limit crack width. 


Materials 


New concrete joint sealant testing 
machine 
R. J. Scuutz and A. Van Havuter, ASTM Bulle- 
tin, No. 241, Oct. 1959, pp. 42-44 

Describes a machine to test the vari- 
ous qualities of joint sealant materials. 
Some of the tests already carried out 
on the machine are described briefly. 


Fly ash concrete after 7.5 years 


Wru1aM L. 
33, No. 8, Nov. 1958, pp. 4-6 

HicHway REsEARCH ABSTRACTS 

May 1959 


Cutitcote, Baltimore Engineer, V. 


In October 1958, a test section of 
highway was placed in Baltimore using 
fly ash in one section and air-entrained 
concrete in another. Six bags of air- 
entrained cement were used in both 
cases. 

At 
were 


the time the highway sections 
placed, 6 x 12 in. test cylinders 
were made so as to be able to make 
tests on the relative strengths of the 
two mixes for a period of 1 year. Ex- 
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cept for the first 90-day period, the 
compressive strength of the fly ash 
concrete has been consistently greater 
than that of the plain concrete. 
Compressive tests at about 3%, 5, 
642, and 7% years have subsequently 
been made by taking 6 x 9 in. cores 
from the existing roadway pavement. 
The strength of the fly ash mixture 
has continued to be consistently greater 
than that of the regular cement mix- 
ture. After 7% years, the compressive 
strength of the fly ash mixture was 
found to be 6355 psi, while normal 
concrete mixture tested at 5605 psi. 


Effect of calcium chloride on the 
properties of portland-blast furnace 
slag cement (in japanese) 
Setsuzo Suzuxr, Semento Gijutsu Nenpo, V. 
12, 1958, pp. 164-71 
Crramic ABSTRACTS 
Sept. 1959 (Suzukawa) 
Flash or abnormally slow set due to 
the presence of an insufficient amount 
of gypsum is changed to normal set by 
the addition of a proper amount of 
CaCl.. The addition of 1 to 3 percent, 
by weight, of CaCl. increases the 
strength of portland-blast furnace slag 
cement at early ages but has practically 
no influence on strength at later ages. 
The flow of mortar and the slump of 
concrete increase with the addition of 
a proper amount of CaCl, owing to 
increase in the entrained air content. 


Effect of calcium chloride on the 
formation of calcium sulfoaluminate 
during hydration of cement (in jap- 
anese) 


Nosve Fuxupa and Nosvo ADACHI, 
Gijutsu Nenpo, V. 12, 1958, pp. 67-71 
CERAMIC ABSTRACTS 
Sept. 1959 (Suzukawa) 


Semento 


The content of residual uncombined 
SO, in neat cement paste (water/cement 
= 0.30) within 5 min after mixing with 
H.O decreases with the addition of 2 
percent by weight CaCl, to the cement. 
In cement containing a large amount of 
SO,, the formation of calcium chloro- 
aluminate seems to occur after 5 hr. 
In the presence of CaCh, the effect of 
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a low curing temperature, 3C, in de- 
creasing the uncombined SO; content 
is also shown. 


Structural concretes — methods of 
controlling proportions by iteration 
(in Polish) 


W. Kuczynsk1, Budownictwo i Architectura 
(Warsaw), 1956, pp. 220 
Reviewed by J. J. PottvKa 
Describes the fundamentals and na- 
ture of structural concrete such as: 
proportioning of mixes, composition of 
paste, hardening processes, curing, frost 
resistance, shrinkage and swelling, in- 
spection and testing of cement and 
aggregates, and other properties. Refer- 
ences are given test results in Poland 
and other countries. 


Pavements 


Ready-mixed concrete for use in 
highway pavements 
GeorcE R. Batue, Concrete Construction, V. 4, 
No: 8, Aug. 59, pp. 15-26 

Ready-mixed concrete producers will 
find this article a helpful introduction 
into the possibilities and problems re- 
lated to serving highway construction 
jobs with ready-mixed concrete. 

The manner of meeting rigid speci- 
fications, what they consist of, method 
of persuading contractor to use product, 
and the cost and profits issue are all 
thoroughly discussed. 


Pavement design for commercial jet 
aircraft 


F. M. MEtitncer, R. G. AnLvIn and P. F. Cart- 
Ton, Proceedings, ASCE, V. 85, May 1959, 
pp. 29-43 
HicHway ResearcH ABSTRACTS 
July 1959 
Pavement requirements are given in 
the form of design charts for both rigid 
and flexible pavements. The design 
curves cover a range of loadings for 
the Boeing 707, Douglas DC-8 and 
Convair 880 commercial jet aircraft. 
The basis and application of the pave- 
ment design curves are fully explained. 
The strengthening of existing rigid 
pavements by overlays is covered by 
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references. There is also a brief dis- 
cussion of structural requirements for 
jet aircraft pavement as compared to 
present requirements for the more 
critical propellor-driven aircraft pave- 
ment. The requirements for airport 
pavements given in this paper are lim- 
ited to the pavement structure. 


Monolithic anchors control end 
movement of continuous pavement 
Starrorp E. THornton, Concrete Construction, 
V. 4, No. 8, Aug. 59, pp 11-13 

Describes a 300 ft long, 5 ft wide, 
continuous pavement that employs no 
expansion or contraction joints, con- 
structed for the purpose of investigat- 
ing end movement of slabs. Because 
there are no expansion joints, the end 
of a continuous slab may move as 
much as 4 in., thereby causing diffi- 
culties joining new pavement with 
existing structures. A solution to this 
problem was the employment of a se- 
ries of keyways or lugs at the end of 
the pavement, to act as anchors and 
prevent movement. 


Construction of continuous rein- 
forced concrete pavement at Dun- 
dee 


M. H. WALLER, 
1958, pp. 839-842 


Surveyor (London), V. 117, 


Roap ABSTRACTS 
May 1959 


Describes design and construction of 
the section of the Perth-Aberdeen- 
Inverness Trunk Road. Concrete was 
laid in two vibrated layers. During the 
placing of the first 514-in. deep layer, 
longitudinal tie-bars were inserted 
through the formwork. Reinforcement 
was delivered in sheets measuring 17 x 
6% ft, weighing 10.76 lb per sq yd, in 
accordance with British Standard 1221 
Part A. It was placed 2% in. from the 
top of the slab, on the lower concrete 
layer, with a 9-in. center overlap (16 
in. at transverse joints). Two crack 
surveys after completion of concreting 
disclosed only minor cracks. After the 
survey a 2-in. carpet of two-coat as- 
phalt was laid over the concrete slab. 
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Precast Concrete 


Precast T-frames speed library erec- 
tion 
Engineering News-Record, V. 


162, No. 
June 25, 1959, pp. 34-36 


25, 

Describes the use of precast rein- 
forced T-frames, precast beams, and 
precast roof panels for the construction 
of a college library at Grinell, Iowa. 
The method of analysis, 28-day com- 
pressive strength, curing, and erection 
are briefly outlined. 


Prefab apartment houses in Kall- 
hall, Sweden (in Swedish) 


LENNART HULTEBERGER 


Construction of prefab apartment 
houses (in Swedish) 
AKE HOLMBERG 


Production and erection of room- 
sized elements (in Swedish) 
Nits Hansson 


Aspects of finish in prefab construc- 
tion (in Swedish) 


Sture Jacopsson 
Vag Och Vatten Byggaren (Stockholm), No. 2, 
Mar. 20, 1959 
Reviewed by Car. H. Gustarson 

In these four articles are presented 
all of the factors and solutions of the 
problems in the construction of 360 
prefab apartments. The problems dis- 
cussed are the training of personnel, 
material handling, formwork “en 
masse,” erection schedule, construction 
details, and wall finishes. 


Here’s a roundup of European floor- 
and-roof systems 


Concrete Products, V. 62, No. 
pp. 41-47 


10, Oct. 1959, 


Countries of Europe in rebuilding the 
war-torn cities have been more inclined 
to experiment with précast concrete 
than have producers in the United 
States. In Holland, precast concrete 
floor and roof design has received con- 
siderable attention and, for the size 
of the country, has either developed 
or borrowed an amazing number of 
systems. Holland uses five different 
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types of floor and roof designs: precast 
beams; precast slabs; beam and slab 
combinations; joists and block com- 
binations; and, finally, a wide variety 
of plain block systems. This is Part 1 
of the article dealing with the first 
three types. Discusses and pictures sev- 
en kinds of precast beam floor and 
roof systems, the three top beam and 
slab systems, and three precast and 
three lightweight slab systems. Also 
tabulates the technical information for 
the systems concerning height, weight, 
and maximum span for different ca- 
pacities. 


Prestressed Concrete 


Application of prestressing in build- 
ing with prefabricated concrete mem- 
bers (Die Anwendung der Vorspan- 
nung beim Bauven mit Betonfertig- 
teilen) 
Levickt, Ernst, and Drespen, Betonstein Jahr- 
buch 1959, Bundesverband der Betonsteinin- 
dustrie E. V. (Bauverlag GMBH, Berlin- 
Wiesbaden), pp. 78-152 
Reviewed by J. F. LeppMann 
A world wide survey of structural 
applications of prefabricated pre- 
stressed concrete elements and their 
field connections. Both mass produced 
(mostly standardized) and individual- 
ly fabricated members are covered, in- 
cluding floor and roof constructions, 
crane girders, bridges, silos, piles and 
sheet pilings, tunnel and subway lin- 
ings, track ties, and transmission poles. 
Problems of economy, fabrication, 
transport, and erection are touched 
upon. 


Some important prestressed silos and 
reservoirs in Scandinavia 
Cur. OsTENFELD and E. Katuauce, Journal, Pre- 
stressed Concrete Institute, V. 4, No. 1, June 
1959, pp. 18-34 

Discusses European prestressed con- 
crete tanks and silos and their essen- 
tially different line of development and 
use as compared to those made in the 
United States. 

The Europeans use silos and tanks 
for the storage of many different ma- 
terials such as: cement, sugar, coal, 
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mineral oils, cement slurry, and in 
some cases boiling water. In contrast, 
the United States uses tanks mainly 
for the storage of water and sometimes 
oil. 

In regard to structural differences 
the Scandinavians, who are most active 
in this field, normally design their 
tanks as monolithic structures, there- 
fore without sliding joints between 
wall and bottom slab. Their prestressing 
cables are placed inside the concrete 
and not outside as in the United States. 
Other interesting features of construc- 
tion and design are discussed and 
should provide valuable information to 
those doing similar work. 


Partial prestressing and possibilities 
for its practical application 
P. W. Asetes, Journal, Prestressed Concrete 
Institute, V. 4, No. 1, June 1959, pp. 35-51 
Introduces and explains in general 
terms the difference between full, and 
partial prestressing. The difference be- 
ing that partial prestressing allows for 
some tensile stresses when under work- 
ing load whereas in full prestressing 
no tensile stresses are allowed. 


The advantage of using partial pre- 
stressing is, reduction of cross section 
and a decrease in prestressing force 
which results in saving anchorages and 
labor cost with post-tensioning. 

Several examples are given, both in 
this country and England, of buildings 
and structures employing the partial 
prestressing system. 


Building code requirements for pre- 
stressed concrete 
Subcommittee on Prestressed Concrete, Struc- 
tural Engineers Association of Northern Cali- 
fornia, Journal, Prestressed Concrete Institute, 
V. 4, No. 1, June 1959, pp 72-78 

Article, in effect, is the proposed 
draft of a building code on prestressed 
concrete that is intended to be included 
in the Uniform Building Code. These 
tentative recommendations are based 
on the report of ACI-ASCE Joint Com- 
mittee 323. A few of the sections cov- 
ered: definitions of terms such as, 
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losses, forces, transfer, etc.; modulus 
of elasticity; ultimate strength theory; 
allowable stresses; prestress losses; 
web reinforcement; ultimate flexural 
strength; and pretensioned construc- 
tion. 


Properties of Concrete 


Micrometer method for measuring 
the volume stabilities and weight 
changes of thin layers of portland 
cement paste during carbonation and 
drying 
K. M. ALeExanpEeR and J. WarpLtaw, Australian 
Journal of Applied Science (Melbourne), V. 
10, No. 2, June 1959, pp. 214-217 
AvutTHor’s SUMMARY 
A micrometer method is described 
for measuring changes in length of 
thin layers of hydrated portland ce- 
ment paste stored continuously in con- 
trolled atmospheres. Length and weight 
changes are measured without disturb- 
ing or interrupting the curing process. 
The procedure can be used for speci- 
mens with cross sections less than 0.01 
sq in., and is particularly suitable for 
studying the effects of carbonation and 
drying. 


Effectiveness of silicones as water 
repellents when applied to concrete 
F. C. Lanninc, Transactions, Kansas Academy 
of Sciences (Manhattan), No. 61, 1958, pp. 
334-344. Chemical Abstracts, V. 53, No. 9, 
May 10, 1959, p. 8579 
Hicuway REsEaRcH ABSTRACTS 
July 1959 
To determine the water repellency 
of various silicones when applied to 
concrete block, units made with ex- 
panded shale aggregate and with heavy 
aggregate, and with standard and air- 
entrained portland cement, were test- 
ed. Three types of silicones were used: 
solutions of methyl, ethyl, or other sili- 
cone resins dissolved in volatile sol- 
vents, such as toluene or mineral spir- 
its; an aqueous solution of NaMe sili- 
conate; and a MeOH-silicone solution. 
Test procedures are described, and the 
results are evaluated. One conclusion 
of special significance is that silicones 
are not effective for waterproofing very 
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porous material, such as block made 
with expanded shale. Several of the 
silicone preparations were found to be 
effective in treating less porous block, 
in which sand and gravel were used 
as aggregate. 


Aggressive action of water on ce- 
ment and steel 


B. VISINTIN, del Genio 

(Rome), V. 96, No. 5, 1958, pp. 282-286. 

Building Science Abstracts, V. 31, No. 10, 
Oct. 1958, p. 292 

HicHway ReEsearcu ABSTRACTS 

July 1959 


Giornale Civile 


To determine the liability of con- 
crete and steel water-pipes to corro- 
sion, the soil in which the pipe is to 
be laid should examined from the geo- 
logical, chemical, and electrochemical 
viewpoints, and in addition an accurate 
chemical analysis should be made of 
the water to determine the following 
characteristics: its acidity expressed 
in pH, its specific electrical conductiv- 
ity at 18C, its total alkalinity, its total 
and permanent hardness, and its free 
carbon dioxide content. Standard meth- 
ods of determining these are outlined 
and discussed briefly. 


Control of concrete strength by the 
ultrasonic method (in Russian) 


O. E. Priraumer, Avtomatika Dorogi, V. 22, 
No. 1, 1959, pp. 11-12 
Roap ABSTRACTS 
May 1959 
Describes the ultrasonic control 
method used during the construction of 
a reinforced concrete bridge across the 
Moscow river. To check the variables 
involved in concrete manufacture 
which affect the accuracy of ultrasonic 
readings, contro] test cubes were pre- 
pared at the factory from the same ma- 
terial under identical conditions and 
subjected to ultrasonic and compres- 
sion tests. A comparison of the results 
obtained showed that concrete of dif- 
ferent strengths can sometimes give 
the same ultrasonic reading. Concrete 
strength was determined from the av- 
erage of nine readings of each of the 
precast sections tested in place. Fur- 
ther control tests were made on cubes 
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taken from the completed bridge com- 
ponents. Examples are given of the 
type of information obtained and of 
the calibrated curves which relate ul- 
trasonic data to those obtained in com- 
pression tests. The IKL-5 ultrasonic in- 
strument was found to be suitable for 
dimensions of 4% to 6% ft and to have 
an accuracy of 0.5. The results of the 
ultrasonic and compression tests did 
not differ by more than 6 to 10 percent. 


Experimental study of the elastic- 
plastic properties of concrete, ob- 
tained by a new technological pro- 
cess (with wet cement grouting) (in 
Russian) 
A. E. Suerxrn and N. S. Basxaxov, Mosk. In- 
ta Inzhenerny, No. 80/1, 1955, pp. 400-426 
APPLIED MEcHANICS REVIEWS 
May 1959 (Grigoryan) 
Comparative data are given in regard 
to the strength and the elastic-plastic 
properties, with repeated compression 
and creep, of concrete prisms 10 x 10 
x 30 cm in the course of 3, 7, and 28 
days. The samples were prepared in 
the usual way and with a wet cement 
grouting. The compressive strength of 
the samples with the ground cement 
addition exceeded the strength of the 
ordinary samples by 25 percent in the 
course of 3 days. With the lapse of 
time this superiority became less and 
after 28 days was only 7 percent great- 
er. In testing for repeated compression 
the load was increased in stages and 
ranged from 0.2-0.8 of the compressive 
strength of the above sample. The sam- 
ples tested for creep were loaded in a 
7-day increase of the axial compression 
force, equal to half the disintegration 
force in this loading stage. Similarly, 
the settlement deformations were 
measured for the unloaded samples. 
The results obtained in the tests 
showed that the use of the wet ground 
cement addition in no way exercised 
any appreciable influence on the elas- 
tic or residual deformations for com- 
parable applications of stress to the 
regular concrete. In the earlier growth- 
stage of the concrete (3 days) the wet 
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ground cement addition lowers some- 
what the elastic-plastic properties of 
the concrete. The wet ground cement 
addition reduces the creep deformation 
of the concrete in the initial period of 
the load (30-45 days); in a 3-day pe- 
riod the load action by 27 percent; in a 
7-day, by 15 percent. In the later pe- 
riods the difference between the rela- 
tive creep deformations of the samples 
with the ground cement addition and 
without decreased. Toward the 180th 
day the creep deformation for samples 
having wet ground cement addition was 
14 percent greater than the sample de- 
formation without the wet ground ce- 
ment addition, which the authors ex- 
plain by the increase of the degree of 
stress in the samples with wet ground 
cement addition. 


Shrinkage characteristics of concrete 
(in Russian) 


S. V. ALExanprRovsky, Beton i Zhelezobeton 
(Moscow), No. 4, Apr. 1959, pp. 169-174 
Reviewed by D. WartsTEIn 

The author states that when pris- 
matic specimens used in shrinkage 
studies are permitted to dry on all 
sides, the deformations resulting from 
the three-dimensional moisture gradi- 
ent interfere with the “pure” shrinkage 
and obscure its true value. The paper 
presents the results of careful meas- 
urements of shrinkage and moisture 
changes in 5 x 5 x 1l-cm specimens 
which were permitted to dry only 
through the ends. For such specimens 
the drying of the concrete is not ac- 
companied by shrinkage until a cer- 
tain “critical” moisture content is at- 
tained. The “critical” values for a giv- 
en cement depends on the w/c ratio, 
the age at which drying begins and 
the cement factor. 

The relationship between the shrink- 
age and the moisture loss of a given 
concrete is essentially linear. The slope 
of this graph which the author terms 
the coefficient of linear shrinkage is 
reported to be constant for a given ce- 
ment and is independent of the water- 
cement ratio, proportions of the con- 
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crete and its age. For an ordinary con- 
crete this coefficient is given by 0.03 
(mm/mm)/ (g/g). 


Diffusion of water in mortar, espe- 
cially the effects of capping methods 
and of the direction of water per- 
meation (in Japanese) 
Yutaka Kurryama and Yuko Sxicexura, Se- 
mento Gijutsu Nenpo, V. 12, 1958, pp. 128-32 
ERAMIC ABSTRACTS 
Sept. 1959 (Suzukawa) 
Mortar specimens of 15 x 15 x 4 cm 
were cured in air at 20 + 2C for 28 
to 32 days, dried at 70 + 2C for about 
70 hr until the weight remained con- 
stant, and then tested under a 30-cm 
head of water. Water permeability is 
not affected by capping with a trowel, 
but it does vary with the face of speci- 
mens; permeability from the upper face 
is greater than that from the lower 
face. 


Discontinuous shrinkage of harden- 


ed portland cement pastes and mor- 
tars subjected to continuous drying 


K. M. ALExanveR and J. Warptaw, Australian 
Journal of Applied Science (Melbourne), V. 
10, No. 2, June 1959, pp. 201-213 
AvuTHOR’s SUMMARY 
Experiments are described which 
show that when water is lost contin- 
uously from hydrated portland cement 
pastes and mortars the resulting 
shrinkage takes place in two stages. 
Total water in these pastes and mortars 
should therefore be considered as Stage 
I evaporable water, Stage II evaporable 
water and nonevaporable water. If the 
period of water curing which precedes 
the drying operation is increased, the 
proportions of nonevaporable water 
and Stage II evaporable water increase 
at the expense of Stage I evaporable 
water. On increasing the water-cement 
ratio the Stage II evaporable water in- 
creases only slightly, almost all the ex- 
tra water lost on subsequent drying 
being released during Stage I. Follow- 
ing curing periods of 7 to 180 days, 
shrinkage during Stage I of water loss 
is about twice that which takes place 
during Stage II. Within the above 
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range of curing times, increasing the 
period of water storage increases both 
Stage I and Stage II drying shrinkage. 
The increased drying shrinkage caused 
by raising the water-cement ratio ap- 
pears to be due entirely to increase in 
the Stage I shrinkage. 


Influence of the direction of loading 
on the strength of concrete test 
cubes 

A. M. Nevue, ASTM Bulletin, No. 239, July, 
1959, pp. 63-65 

Discusses the question, does the di- 
rection of the application of the load, 
relative to the direction of casting, 
give different results for similar test 
specimens. 

One report states the strength of 
mortar cubes tested in the direction of 
casting was between 0.87 and 0.91 of the 
strength of similar cubes tested at right 
angles to the direction of casting. 

States, after testing 16 batches of 12 
cubes each, that if the test specimens 
are approximately equal, then “the di- 
rection in which the load is applied 
relative to the direction of casting 
is not expected to influence their 
strength.” 


Deformation of concrete in compres- 
sion (in Russian) 


K. E. Tuat, Investigations on the Strength, 

Plasticity, and Creep 4 Building Materials, 
Moscow, 1955, pp. 202-207 

PPLIED MEcHANICS REVIEWS 

July 1959 


Reviews the results of axial com- 
pression tests on prisms of reinforced 
and nonreinforced concrete. The con- 
crete had a crushing strength of 105 
kg per sq cm (prism test) while the 
reinforcement was of cold-drawn wire 
with a nominal yield point in compres- 
sion of 5000 kg per sq cm. 

The values of the mean limiting 
strain were, for the nonreinforced 
prisms, ~2 x 10°, and for the rein- 
forced prisms, twice that, ie.., ~4 x 10~. 
Stress curves for the concrete and the 
reinforcement are given; the stresses 
in the reinforced prisms reached a 
maximum deformation of ~1.2 x 10° 
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and a load of 80 percent of the maxi- 
mum. With further increase of the 
load, the stress in the concrete de- 
creased, because of redistribution of 
the load to the reinforcement, while 
the deformation value abruptly in- 
creased. 

Owing to technical difficulties, it was 
impossible to observe directly during 
the test the phenomenon of appreciable 
growth of the plastic deformations in 
compressed concrete, accompanied by 
decreasing compression stresses. 


Corrosion of concrete sewers 
South African Council for Scientific and 


Industrial Research, Pretoria, Series DR 12, 
1959, 236 pp. £1 


This book is divided ino three parts 
plus two appendices on test methods 
for determination of chemicals and 
gases in sewage. Part I deals with field 
investigation of sewer corrosion, intro- 
duction on the mechanism of sewer 
corrosion and occurrence and effects of 
hydrogen sulphide and sulphuric acid. 
Discusses results of studies and surveys 
in South African sewer systems with 
field experiments to test effects of 
aeration, cleaning of sewers, addition 
of chemicals and modifying design of 
systems. Part II deals with the micro- 
biological aspects of sewer corrosion 
describing bacteriological methods and 
types of surveys and studies of inhib- 
itors. Part III deals with concrete tech- 
nology in relation to sewer corrosion 
with methods for testing effect of acid 
on portland cement concrete and meth- 
ods for improving resistance of concrete 
to acid and sulphate attack. Concludes 
that pressure steam curing of concrete 
will impart greater resistance to corro- 
sion but the effect is relatively small 
and the cost involved is high. Suggests 
that the most effective remedial meas- 
ures would be the substitution of a 
calcareous aggregate for the siliceous 
aggregate normally used and the use of 
a limestone aggregate in preference if 
a suitable one is available. Aims for as 
rich a mix with as low a water-cement 
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ratio as is practical and economical. 
Also recommends the use of cements 
of higher sulphate resistance than nor- 
mally found with portland cements, for 
application such as mortars and plasters 
exposed to sewer gases. 


Structural Research 


Deformation measurements for 
structural testing 
LaptIsLav B. Kriz and Orro A. Kurvirts, Journal, 
Research and Development Laboratories, 
Portland Cement Association, V. 1, No. 3 
Sept. 1959, pp. 35-41 
AvutHors’ SUMMARY 

Instrumentation and methods com- 
monly used in the Portland Cement 
Association Structural Laboratory are 
described. Deflections are measured by 
micrometer dial gages, precision level- 
ing, or precision triangulation. Installa- 
tion of SR-4 strain gages on concrete 
and reinforcement is illustrated, and 
the use of electronic instruments for 
strain measurement is outlined. 


Experimental verification of shell 
roofs by means of models (Compro- 
bacion experimental de cubiertas 
laminares, por medio de modelos 
reducidos) 
C. Bentro, Informes de la construccion (Mad- 
rid), No. 111, May 1959, No. 112, June-July, 
1959, Item 466-3 

Interesting and detailed discussion on 
the use of models to verify design of 
shell structures. After a general intro- 
duction to problems related to shells, 
author considers scale models, their 
size, material, and loading. The final 
sections deal with plaster models, more 
nearly equal in behavior to concrete. 


Influence of creep in a composite 


(steel-concrete) beam defined by 
n(C)—E,/E.é (in German) 
St., Braszkow1ak, Bautechnik (Berlin), V. 35, 
No. 3, Mar. 1958, pp. 96-100 
Reviewed by J. J. PottvKa 
Author uses Swiss specifications for 
determining creep effect in composite 
bridge structures by introducing com- 
bined modulus of elasticity of concrete 
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(Schweizerische Bauzeltung (Zurich), 
July 28, 1956) and compares the results 
with those obtained by his method. 
Author and his students applied both 
methods to an example of a composite 
bridge structure calculated in Sattler’s 
book “ Theorie der Verbundkonstruk- 
tionen” (Theory of composite struc- 
tures). The results of both methods 
are tabulated and the conclusion is that 
the author’s method, which is based on 
standard procedure used for such struc- 
tures without considering creep effects, 
complies with Swiss regulations. Auth- 
or’s modifications are thoroughly dis- 
cussed and illustrated, and demonstrate 
the considerable simplification of the 
analysis. 


Elastic stability of reinforcing bars 
subject to short and long time load- 
ing (Knicken von Stahlbetonstaben 
unter Kurz- und Langzeitbelastung) 


Kurt Gagne, Issue No. 129, Deutscher Auss- 

chuss fiir Stahlbeton, Berlin, 1958 (Publisher 

Wilhelm Ernst and Sohn), 80 pp., 24 DM 
Reviewed by Rupo.px SzILarp 


This important scientific publication 
of DAS (German Concrete Institute) 
consists of two parts: the first part 
covers the extensive test reports, the 
second the theoretical investigations. 
Test specimens having 10 x 15.4 cm 
cross section reinforced by 1 percent 
longitudinal steel and 2 mm diameter 
spirals with 10 cm pitch were subjected 
to test. The quality of concrete and re- 
inforcing steel has been varied, coupled 
with variation of the L/r ratio (102 to 
123). The specimens were exposed to 
short time loadings as well as to long 
time loadings with eccentricities e: = 
2 cm and e.=5 cm. All the specimens 
in the testing machine had statically 
determinate pin supports at both ends. 
In addition to the magnitude of the 
loads, the lateral displacements 
concrete strains were measured. 

With large eccentricities, tension 
failures governed the ultimate load 
carrying capacities of the specimens, 
whereas with small eccentricities the 
compression failure of the concrete 


and 
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governed. Important finding of the test 
is that under long time loading the ul- 
timate load carrying capacity is mark- 
edly reduced by the creep of the con- 
crete. The influence of the creep is a 
function (besides the well known other 
variables as properties of the concrete, 
atmospheric condition, etc.) of the e/d 
ratio, where e represents the eccentri- 
city and d the diameter of the rein- 
forcing bars, respectively. With larger 
eccentricity this influence tends to be 
negligible. 

It is expected that the new German 
reinforced concrete bridge and build- 
ing codes (DIN) is going to reflect the 
findings of the research since deviation 
up to 25 percent on the unsafe side can 
result from the use of the present codes. 
Since the above described research 
was carried out for statically determin- 
ate columns, further research is re- 
quired for statically indeterminate 
compression members like columns of 
multistory building frames. 


Tests on 15-year-old, 54-ft-long pre- 
tensioned beams 


G. D. Base and H. E. Lewss, 
stressed Concrete 
June 1958, pp. 64-71 


Journal, Pre- 
Institute, V. 4, No. 1, 


Describes tests conducted on two pre- 
tensioned I-beams that had been stored, 
unloaded, for 15 years. The main object 
of the tests was to determine the loss 
of prestress that had occurred in 15 
years of storage (17 percent), but ten- 
sile strength, ultimate loads, and de- 
flections of beams were also measured. 


Fundamental photoelastic studies on 
skrinkage stresses in massive struc- 
ture 
TosHiIkazu Kawamoto, Proceedings, Eighth 
Japan National Congress for Applied Me- 
chanics, 1958, Science Council of Japan (Tok- 
yo), Mar. 1959, pp. 225-230 

The fundamental experiment and the 
approximate solution were studied for 
the states of stress caused by shrinkage 
of new concrete which had been placed 
on old concrete or on foundation rock. 
The author made a fundamental experi- 
ment on the shrinkage stresses by an 
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application of photoelectric methods, 
explained that it is possible to find 
the states of stress in the mass of struc- 
ture subjected to shrinkage, and per- 
formed the approximate calculation to 
estimate the stresses in concrete blocks 
in the foundation, to compare with the 
experimental results. This work treated 
only the case in which the concrete 
block had a rectangular shape and elas- 
tic properties the same as the founda- 
tion material. 


General 


Some observations on the movement 
of buildings on expansive soils in 
Vereeniging and Odendaalsrus 


L. E. Coutrmns, Symposium on Expansive 

Clays, Part I, Transactions, South African In- 

stitution of Civil Engineers (Johannesburg), 
7, No. 9, Sept. 1957, pp. 273-285 


Reviewed by D. G. Norman 


Results of observations of 37 houses 
founded on expansive soils, including 
one conventional, 24 on underreamed 
piles of different depths, and 12 of re- 
inforced brick-work. Maximum, aver- 
age, and differential movements are 
given, also data on soil-swelling at var- 
ious depths. 


Engineer Eugene Freyssinet and his 
work (in Rumanian) 
E. Pracer, Industria Constructiilor si a Mate- 
rialelor de Constructii (Bucharest), V. 9, No. 
12, 1957, pp. 706-718 
Reviewed by J. J. PottvKa 

Biography describing one of the lead- 
ing engineers and inventors in the field 
of reinforced and prestressed concrete. 
His activity as a prominent engineer, 
architect, and contractor is discussed 
in connection with a great number of 
his structures which are generally well 
known. 


Fire resistance ratings 
National Board of Fire Underwriters, Revised 
Edition, Apr. 1959, 62 pp. 

This edition is a revision of the Jan- 
uary, 1957, edition. It contains a num- 
ber of tables of types of construction 
which provide fire resistance ratings 
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required by building codes or regula- 
tions. Data covered include beam, gir- 
der, and truss protections; ceiling con- 
structions; column protections; floor 
and ceiling constructions; roof con- 
structions; and walls and partitions. 
The tables are set up in terms of min- 
imum requirements (type, details of 
construction, and thickness of mate- 
rials) for the specified fire resistance 
and in such form as to fit the require- 
ments for 4-hr fire resistance given in 
building codes. 


Work of the European Committee 
for Concrete 
A. L. L. Baker, The Structural Engineer 
(London), V. 36, No. 1, Jan. 1958, pp. 10-20 
Reviewed by C. P. Setss 
Describes organization and work of 
Comité Européen du Béton and re- 
views concisely but adequately the 
work which has been done and the 
points on which agreement has been 
reached. This interim report is con- 
cerned chiefly with methods of com- 
puting the ultimate strength of mem- 
bers subjected to moment, shear, and 
axial compression individually or in 
combination: definitions of failure; and 
factors of safety. Recommendations for 
future testing are summarized. 


Rain resistance of walls for housing 
in South Africa 

S. J. P. Jousert, Research Report DR 11, Na- 

+a Building Research Institute, Pretoria, 

Reviewed by D. G. Norman 

Application to thin walls of National 

Building Research Institute standard 


method of simulating rain. 


European research on cement and 
concrete 

IncE Lyse, Journal, Research and Development 
Laboratories, Portland Cement Association, 


V. 1, No. 3, Sept. 1959, pp. 4-13 
AvutTuHor’s SUMMARY 


Presents the general problem of re- 
search on cement and concrete in 
Europe today and discusses some of the 
more important subjects which are be- 
ing investigated. A summary of re- 
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search activities of 14 West European 
countries is given in the survey. Fi- 
nally a brief review is given of the 
different research laboratories and the 
most important investigations in prog- 
ress and in each one of the 14 countries. 


Concrete and prestressed concrete 
engineering in the USSR 

T. Y. Lin, Borts Brester, Davi P. BILLINGTON, 
Ben C. Gerwick, Jr., James D. Pirer, and 
Water H. Price, Portland Cement Associa- 
tion, 1959, 86 pp. 

A comprehensive report of a tour of 
concrete construction projects and pre- 
stressing and precasting plants in Mos- 
cow and Leningrad. Like previous re- 
ports by individual members of the 
delegation, this complete report casts 
much light on the progress of Russian 
concrete technology. 


Elsevier's dictionary of building con- 
struction 
Cc. J. Van Mansum, D. Van Nostrand Co., 
Inc., New York, 1959, 472 pp., $15.75 

A four-language (English-American, 
Dutch, French, and German), 8500- 
item compilation of terms in the build- 
ing field used by contractors, archi- 
tects, tradesmen, and office personnel. 
Tabular arrangement is based on the 
English language with corresponding 
terms in the other languages arranged 
horizontally. Word finding starting 
with Dutch, French, or German is fa- 
cilitated by alphabetical lists in those 
languages keyed to the numbers as- 
signed to the English equivalents. 


Russian - Polish engineering and 
building dictionary (in Polish and 
Russian) 


Warsaw, 1956, 583 BP. 
OLISH TECHNICAL ABSTRACTS 
No. 3 (31), 1958 


Comprises roughly 29,000 Russian 
terms and their Polish equivalents, to- 
gether with definitions in Polish. Defi- 
nitions are for words currently being 
used, in architecture, civil engineering, 
building materials and products, econ- 
omy, organization of building enter- 
prises, and for pure and applied sci- 
ences in relation to the building trade. 
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1959 AWARDS 
ANNOUNCED 


The 1959 ACI award winners have been an- 
nounced by the Board of Direction following 
approval of the Awards Committee report. The 
Henry C. Turner Award, the Alfred E. Lindau 
Award, the Henry L. Kennedy Award, and the 
Wason Medals for research and the most meri- 
torious paper will be presented this year; 11 
individuals in all will receive awards. 

The awards will be presented at the 56th an- 
nual convention to be held in New York, March 
14-17, at the Commodore Hotel. 


Henry C. Turner Award to 
Harrison F. Gonnerman 


In recognition of numerous and outstanding contri- 
butions to concrete technology through research and 
administration. 

This award, established in 1927 by the late 
Mr. Turner, ACI past president, is presented 
for notable achievement in, or service to, the 
concrete industry. The medal is of gold and is 
accompanied by an engraved certificate that 
recounts the medal’s purpose. 

Eminent in the field of research, Mr. Gonner- 
man has twice received the ACI Wason Medal 
for noteworthy research, in 1929 and 1944. He 
received the Sanford E. Thompson award from 
ASTM in 1952 and the ASTM Award of Merit 
in 1956. 

Mr. Gonnerman attended the University of 
Illinois, Urbana, receiving his BS degree in 1908 
and MS in 1913. He served in the Engineering 
Experiment Station, University of Illinois, and 
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Harrison F. Gonnerman 


later was instructor in theoretical and 
applied mechanics. In 1952 he retired 
from the Portland Cement Association, 
Chicago, after 30 years service on the 
PCA research and development staff, 
and established an office in Oak Park, 
Ill., as consulting engineer and research 
consultant. 

Mr. Gonnerman joined ACI in 1918 
and has participated in almost every 
phase of Institute endeavor. In 1951 he 
was awarded honorary membership in 
the Institute. He served as president in 
1947, having previously filled the post 
of vice-president and membership on 
the Board of Direction. He is a Quar- 
ter-Century Member-Getter. 


Arthur R. Lord 
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A prolific writer, Mr. Gonnerman has 
written countless technical papers, 
many of which have been published 
in the JOURNAL. 

Mr. Gonnerman has also contributed 
his time and efforts to the activities of 
the American Society of Civil Engi- 
neers, American Association for the 
Advancement of Science, Western So- 
ciety of Engineers and the Highway 
Research Board. 


Alfred E. Lindau Award 
to Arthur R. Lord 


As the originator of reinforced con- 
crete building tests: a pioneer authority 
in the development of flat slab con- 
struction. 

This award was founded in 1947 by 
the Concrete Reinforcing Steel Insti- 
tute to honor the memory of Alfred E. 
Lindau, past president of the American 
Concrete Institute, who died at Pearl 
Harbor, Dec. 14, 1944, while serving as 
chief civilian engineering assistant to 
the Officer in Charge, Pacific Naval 
Air Bases. The token of the award is 
a bronze plaque bearing a bas-relief 
portrait of Mr. Lindau. It is given only 
for outstanding contributions to rein- 
forced concrete design practice and is 
not restricted to ACI members. 


Arthur R. Lord is a pioneer in Insti- 


tute affairs and in concrete design 
practices. He has made many important 
contributions to the progress of con- 
crete during his lifetime as an engi- 
neer. 

Mr. Lord graduated from the Univer- 
sity of Maine in 1907. During the next 
few years he taught at the University 
of Illinois. His curiosity to know more 
about the design and control of concrete 
led to the development of many “firsts” 
for the industry. He helped develop 
strain gages for use on concrete struc- 
tures; he instigated and carried through 
the first actual loading test of a build- 
ing as a basis for stress analysis. He 
was active in analysis of flat slab con- 
struction and pioneered in a variety of 
structural designs. During the 1920’s 
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he was the world authority on flat slab 
design. 

Becoming an ACI member in 1916, 
Mr. Lord plunged into committee work 
and contributed generously to the 
JOURNAL pages in the years that fol- 
lowed. His “Handbook of Reinforced 
Concrete Design” (1928) was widely 
circulated and added prestige to ACI 
Building Codes. The inception of: the 
present JOURNAL is largely due to his 
efforts. In 1934 he was installed as ACI 
president after having served as vice- 
president and as a member of the Board 
of Direction. In 1927 he was awarded 
the Wason Medal for the most merito- 
rious paper of the year, “Notes on Con- 
crete—Wacker Drive, Chicago.” He was 
made an Honorary Member of the In- 
stitute in 1957. 


Henry L. Kennedy Award 
to Harry C. Delzell 


In recognition of his outstanding con- 


tributions to the advancement of the 
objectives of the American Concrete 
Institute. 


This award, established in 1958, in 
memory of the late Henry L. Kennedy, 
past president of ACI and chairman of 
the Building Committee, is awarded 
for outstanding technical or adminis- 
trative service to the Institute. The 
bases for selection of awardees are 
outstanding activity or service that has 
enhanced the Institute’s prestige, 
marked leadership in technical, admin-— 
istrative, or special committee work, or 
other distinguished service to the In- 
stitute. The award is in the form of a 
framed scroll. 

Harry C. Delzell, managing director, 
Concrete Reinforcing Steel Institute, 
Chicago, has been a dynamic force in 
educational efforts in the reinforced 
concrete design field. His efforts have 
had a widespread influence through- 
out the engineering profession and 
have lead to better use of concrete in 
construction. Over a period of 20 years, 
Mr. Delzell has shown a sustained in- 
terest in the welfare of the American 


Harry C. Delzell 


Concrete Institute and has been gen- 
erous of his time and talents in the 
furtherance of ACI objectives. 

Mr. Delzell has worked on a number 
of ACI technical and administrative 
committees and served two terms on 
the Board of Direction. In 1946 he was 
instrumental in arranging for the re- 
lease to ACI Committee 315, Detailing 
Reinforced Concrete Structures, of the 
“Proposed Manual of Standard Practice 
for Detailing Reinforced Concrete 
Structures,” on which much time, ef- 
fort, and expense had been devoted by 
the Engineering Practices Committee 
of CRSI. This Manual later became a 
Standard of the Institute with revisions 
in 1948, 1951, and 1957 to reflect 
changes in the ACI Building Code and 
improvements in industry practices. 

Mr. Delzell coordinated the work of 
AASHO, CRSI, and ACI Committees 
to expedite the adoption by ACI in 
1953 of the “Manual of Standard Prac- 
tice for Detailing Reinforced Concrete 
Highway Structures.” In 1957 this was 
combined with the ACI Standard on 
buildings to form the more compre- 
hensive current manual of standard 
practice. 

Mr. Delzell was instrumental in the 
development of a home study course 
by ACI Committee 315 and the Inter- 
national Correspondence Schools _ to 
train technicians in detailing. Based on 
the ACI standard practices, this course 
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is an important factor in the dissemina- 
tion and acceptance of uniform delinea- 
tion of reinforcement. 

Recently, as an active member of the 
building committee, Mr. Delzell con- 
tributed greatly to a successful cam- 
paign for contributions toward the 
financing of the ACI headquarters 
building. 


Wason Medal for Research 
to Boris Bresler and K. S. Pister 


This award goes to Boris Bresler and 
K. S. Pister for their paper “Strength 
of Concrete Under Combined Stresses” 
published in the September, 1958, ACI 
JOURNAL. 

Founded in 1917 by the late Leonard 
C. Wason, this award is bestowed to 
an ACI member or members for the 
most noteworthy research or discovery 
reported in an Institute paper within 
a given publication year. 

Boris Bresler is a faculty member at 
the University of California, Berkeley, 
in the capacity of professor of civil 
engineering, department of engineer- 
ing. He graduated from the University 
of California in 1941, receiving his MS 
in aeronautical engineering from the 
California Institute of Technology in 
1946. 

Following graduation in 1941, he en- 
gaged in engineering work with Kaiser 
Shipyards, Inc., Richmond, Calif., and 
Consolidated Aircraft Corp., San Diego, 
through 1945. He then returned to the 
California Institute of Technology, 
Pasadena, as a graduate fellow. In 1946 
he joined the faculty at the University 
of California. 

Professor Bresler is a member of 
ACI-ASCE Committee 326, Shear and 
Diagonal Tension. 

K. S. Pister received a BS in civil 
engineering from the University of 
California, served in the U. S. Navy 
Civil Engineer Corps, and in 1946 re- 
turned to the University of California 
for graduate work. Receiving his MS 
in 1948, he served as lecturer and in- 
structor in theoretical and applied me- 
chanics at the University of Illinois, 
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B. Bresler K. S. Pister 


while pursuing graduate work in that 
department. He received his PhD in 
1952. 

Dr. Pister then rejoined the faculty 
of the University of California where 
he has specialized in structural me- 
chanics. 


Wason Medal for Most Meritorious 
Paper to James E. Backstrom, Rich- 
ard W. Burrows, Harry L. Flack, 
Richard C. Mielenz, and Vladimir 
E. Wolkodoff 


Five collaborating authors will re- 
ceive this award for their four-part 
paper, “Origin, Evolution, and Effects 
of the Air Void System in Concrete,” 
published in the July, August, Septem- 
ber, and October, 1958, JOURNALS. 

This award was also established by 
Mr. Wason in 1917 and is presented for 
the most meritorious paper by a mem- 
ber or members of the Institute pub- 
lished in the latest volume of ACI Pro- 
ceedings. 

James E. Backstrom graduated from 
Mississippi State College in 1933 and 
then joined the Bureau of Reclamation 
where he was assigned to the dam 

design section. In 
1935 he transferred 
to the bureau’s con- 
crete laboratory 
where he engaged 
in cement, pozzolan, 
and concrete invest- 
igations for Grand 
Coulee, Shasta, and 
Friant dams. 

From 1939 to 1942 


i © Ghetatiee he was employed 
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R. W. Burrows H. L. Flack 


in the concrete design section of the 
Tulsa District, U. S. Army Corps of 
Engineers, and later on the construc- 
tion of Canton Dam in Oklahoma. In 
1942 he entered the Civil Engineer 
Corps of the U. S. Navy and served 
in various capacities in this country 
and in the South Pacific area until 
1946. 

He then returned to the 
Reclamation’s materials 


Bureau of 
laboratory 


where he has been engaged primarily 


in concrete research. He presently is 
head of the materials, mixes, and dura- 
bility section of the Concrete Labora- 
tory Branch. 

Richard W. Burrows is design con- 
sultant for the Martin Co., Denver, 
contractor for the Titan intercontinen- 
tal balistic missiles. A graduate of the 
Colorado School of Mines, he was first 
employed as a metallurgist by the Alu- 
minum Co. of America, and subse- 
quently served as radar technician in 
the Navy during World War II. 

Mr. Burrows joined the engineering 
laboratories of the Bureau of Reclama- 
tion in 1946 and has written a number 
of papers on concrete durability. He 
formulated a chemical grout which was 
successfully employed in the sealing of 
leakage at Heart Butte Dam, N. D. He 
was with the bureau more than 10 
years before assuming his present po- 
sition. : 

Harry L. Flack was coauthor on Part 
I of this air void Mr. Flack 
graduated from the University of Colo- 
rado and is currently employed as en- 
gineer with the Bureau of Reclamation, 
Denver, engaged in research on the 


series. 
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R. C. Mielenz V. E. Wolkodoff 


freezing and thawing durability of con- 
crete. 

He joined the bureau in 1946 and has 
conducted various types of investiga- 
tions and research into the properties 
of concrete and concrete materials. 

Richard C. Mielenz, director of re- 
search, The Master Builders Co., Cleve- 
land, is active in ACI committee work 
and a frequent contributor of technical 
papers for JOURNAL publication. 

He received his PhD degree in 1939 
in geological sciences at the University 
of California, and began his career as 
a geologist in 1939 with the Standard 
Oil Co. of California. In 1941 he joined 
the Bureau of Reclamation where he 
remained until 1956 when he made his 
present affiliation. His main profession-— 
al activities have been related to selec- 
tion and testing of aggregates, the 
microscopy of concrete, concrete ad- 
mixtures, and the petrography and en- 
gineering performance of rocks and 
soils. 

Dr. Mielenz received the ACI Wason 
Medal for noteworthy research in 1948 
for the paper, “Chemical Test for Re- 
activity Aggregates with Cement Al- 
kalies; Chemical Processes in Cement- 
Aggregate Reaction,” which he co- 
authored with K. T. Greene and E. J. 
Benton, published in the November, 
1957, JOURNAL. He received the Sanford 
E. Thompson Award of the American 
Society for Testing Materials in 1949, 
1951, and 1954. 

Currently chairman of Committee 
116, Research, he is also a member of 
Committee 212, Admixtures. 
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Vladimir E. Wolkodoff is senior en- 
gineer and head, physical measure- 
ments group, research and develop- 
ment division, The Carborundum Co., 
Niagara Falls, N. Y. His work deals 
mainly with the investigation of re- 
fractories, refractory cements, super- 
refractories, the manufacturing of syn- 
thetic minerals by electro-furnacing, 
physical properties of abrasives, in- 
vestigation of extremely hard minerals, 
and high-temperature microscopy. He 
has been with The Carborundum Co. 
since May 1956. 

Prior to his present affiliation he was 
engineering petrographer in the engi-— 
neering laboratories division of the 
Bureau of Reclamation, Denver, Jan- 
uary 1950 to May 1956. It was during 
this time that he worked on research 
material for this four-part series on 
air void systems. 

Mr. Wolkodoff studied at Columbia 
College and University of Buffalo, re- 
ceiving his MS degree in mineralogy in 
1949. During 1948 and 1949 he was an 
instructor in mineralogy and crystal- 
lography at the University of Buffalo. 
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Construction Practice Award 
to J. F. Camellerie 


J. F. Camellerie will be cited for his 
paper, “Slip Form Details and Tech- 
niques” published 
in the April, 1959, 
JOURNAL. This con- 
struction award was 
founded in 1944 to 
help enrich the lit- 
erature of that field 
of work and to hon- 
or the construction 
man —the man on 
the job—for his re- 
sourcefulness' in 

into a completed 


J. F. Camellerie 
translating design 
structure. 


J. F. Camellerie, vice-president and 
chief engineer of Plummer Associates, 
New York, has been active for more 
than a decade in the design and con- 
struction of structures using the slip- 
form method. He is a member of ACI 
Committee 714, Concrete Bins. 

Mr. Camellerie is a 1941 graduate of 
City College of New York. He joined 
Plummer Associates (then Wm. Neil 
Constructors) in 1946. 

Presentation of the 1959 ACI awards 
will be made at the Awards Luncheon 
on Wednesday, March. 16. 





Manuals and Handbooks from ACI 


ACI Concrete Primer (1958) 


The 1958 edition of the ACI Concrete Primer brings development of the past three decades into 


the question-and-answer format of this long-popular handbook. Expanded to 72 pages, the revised 
edition retains its handy pocket size. It develops in simple terms the principles governing concrete 
mixtures, and shows how a knowledge of these principles and of the properties of cement can be 
applied to the production of permanent structures in concrete. Price—$1.00; to ACI Members—$0.50. 


ACI Manual of Concrete Inspection (1957) 


This 240-page pocket-size book, bound in durable cover, sets up what good practice requires of 
concrete inspectors and background information on the “why” of such good practice. This fourth edi- 
tion was revised and extended by Committee 611 to include new practices evolved since the third edi- 
tion of 1955. Price $3.50—to ACI Members $1.75. 


Reinforced Concrete Design Handbook (1955) 


An extensive revision by a reconstituted Committee 317 of the original well-known edition of 1939. 
Tables are revised to reflect changes in range of working stresses encountered in general practice. The 
original objective to reduce the design of members under combined bending and axial load to the 
same simple form as is used in the solution of common flexural problems is retained. Price $3.50— 
to ACI Members, $2.00. 
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New York City, March 14-17 
56th Annual ACI Convention 


The technical program for the 56th annual ACI meeting in New York 
City, March 14-17, at the Commodore Hotel, features approximately 30 
papers to be presented at eight sessions by eminent concrete authorities. 
The technical program is geared to the interests of the designer, builder, 
research man, and others in fields related to the concrete industry. 


Monday, March 14, and Tuesday morning, March 15 will be devoted to 
technical committee meetings. 


TECHNICAL PROGRAM 
TUESDAY AFTERNOON, MARCH 15 


First General Session 


Committee Reports: 
Committee 326, Shear and Diagonal Tension 
Committee 401, Specification for Structural Concrete 
Committee 609, Consolidation of Concrete 


WEDNESDAY MORNING, MARCH 16 


Model Test Session 


Structural Models Evaluate Behavior of Concrete Dams—Jerome M. Raphael, University 
of California, Berkeley. 

Glen Canyon Dam Structural Model Tests—George C. Rouse, U. S. Bureau of Reclamation, 
Denver, Colo. 

Experiments with Thin-Shell Structural Models—J. L. Waling and Longin B. Greszczuk, Pur- 
due University, Lafayette, Ind. 

Testing Rigid Frame Bridge Model to Ultimate Load—C. S. Wu, California Institute of Technology, 
Pasadena, and A. A. Pap and D. H. Pletta, Virginia Polytechnic Institute, Blacksburg 


Highways Session 


Air-Entrained Concrete After 20 Years—E. A. Finney, Michigan State Highway Department, 
East Lansing. 

Continuous Placement of Concrete on Three-Span Continuous Units of Bruckner Express- 
way—. B. Britton, State of New York Department of Public Works, Albany. 

THE AASHO Road Test—A Background Report—Frank H. Scrivner, AASHO Road Test, Otta- 
wa, Ill. 

Gravel Beneficiation in Michigan—f. E. Legg, Jr., University of Michigan, Ann Arbor, and 
W. W. McLaughlin, Michigan State Highway Department, Lansing 
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WEDNESDAY AFTERNOON, MARCH 16 


Materials Session 


Effects of Incomplete Consolidation on Pulse Velocity, Modulus of Elasticity, and Com- 
pressive and Flexural Strength of Concrete—M. F. Kaplan, South African Council for Sci- 
entific and Industrial Research, Pretoria 


Freeze-Thaw Resistance of Concrete Made with Lightweight Aggregates—Paul Klieger, 
Portland Cement Association, Skokie, Ill. 


Effect of Maximum Size of Coarse Aggregates on Properties of Concrete—Stanton Walker 
and D. L. Bloem,, National Ready Mixed Concrete Association, Washington, D.C. 


Concrete-Making Properties of a Portland Blast Furnace Cement Made with High-Magnesia 
Blast-Furnace Slag—N. Stutterheim, National Building Research Institute, South African 
Council for Scientific and Industrial Research, Pretoria 


Design and Structural:Research Session 


Ultimate Strength Design—A. L. Parme, Portland Cement Association, Chicago 


Effect of Draped Reinforcement on Behavior of Prestressed Concrete Beams—). G. Mac- 
Gregor, M. A. Sozen, and C. P. Siess, University of Illinois, Urbana 


High Strength Reinforcement in Concrete Structures; Preliminary Report of Committee 339 
—Robert Sailer, U. S. Bureau of Reclamation, Denver, committee chairman 


Shrinkage and Creep of Concrete—Inge Lyse, University of Norway, Trondheim 


THURSDAY MORNING, MARCH 17 


Restoration of Deteriorated Concrete-- 


Committee 201 Symposium 


Conventional Methods of Repairing Concrete—Lewis H. Tuthill, California State Depart- 
ment of Water Resources, Sacramento 


Repair of Concrete Pavements—Ear| J. Felt, Portland Cement Association, Chicago 

The Prepacked Concrete Method—Raymond E. Davis, Consulting Engineer, Berkeley, Calif. 

Use of Epoxy Resins—Bailey Tremper, California Division of Highways, Sacramento 
Pneumatically Applied Mortar—O. N. Kulberg, Southern California Edison Co., Los Angeles 


Design and Construction Session 
$1S Million Pier for New York City—David P. Billington, Roberts and Schaefer Co., Inc., 
New York 


Effect of Floor Concrete Strength on Column Strength—Clyde E. Kesler, Robert E. Woods, 
and Albert C. Bianchini, University of Illinois, Urbana 

Welding of Reinforcing Steel Between Precast Concrete Units—). Neils Thompson, Hudson 
Matlock, and A. A. Toprac, University of Texas, Austin 

Shear Strength of Restrained Concrete Beams Without Web Reinforcement—John E. Bower, 
U. S. Steel Corp., Monoreville, Pa., and |. M. Viest, AASHO Road Test, Ottawa, Ill. 
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THURSDAY AFTERNOON, MARCH 17 


Research Session--Under auspices of 
Committee 115, Research 


This session differs from general convention sessions in that the informa- 
tion is not released for publication. A group of short papers will be pre- 
sented on research techniques and preliminary results on a number of 
current projects not yet sufficiently advanced to justify final reports. 


Roger H. Corbetta, president of Corbetta Construction Co., New York, 
is general chairman of the local committee which is arranging an ex- 
hibit to be held in conjunction with the convention, a ladies program, 
and a number of “extras” to make the 56th annual ACI meeting thor- 
oughly enjoyable as well as profitable. 


Price awarded Department 
of Interior service award 


Walter H. Price, past president of 
the American Concrete Institute, re- 
cently received a Distinguished Service 
Award from the Department of the In- 
terior in recognition of outstanding con- 
tributions in the field of engineering 
with the Bureau of Reclamation, De- 
partment of the Interior. 

Mr. Price heads the 
laboratories of the U. S. Bureau of 
Reclamation, Denver. Since 1951 all 
laboratories — earth, hydraulic, chem- 
ical engineering, and 
been under his guidance. 

The citation reads in part as follows: 

“Since the beginning of his career 
as a junior engineer, with the Bureau 
of Reclamation in 1930, Mr. Price has 
received international recognition as 
an authority in the field of concrete, 
and added to the prestige of the Bureau 
and the Department. 

“Under his energetic direction of the 
concrete and metals laboratory, some 
of the greatest advances in concrete 
mix design and construction methods 
have been realized. Pozzolans became 
accepted as a money-saving substitute 
for a portion of the cement in the mass 
concrete of large dams. Through re- 
search under his leadership while in 


engineering 


concrete—have 


charge of the concrete iaboratory, and 
as Chief of the Engineering Labora- 
tories, the Bureau contributed much to 
concrete technology, in diagnosing and 
controlling damaging alkali-aggregate 
reactions in concrete, in the develop- 
ment of concrete resistant to the attack 
of sulfate in soils and water, in funda- 
mental studies of air entrainment and 
the practical methods of using this 
medium to reduce freezing and thaw- 
ing damages to concrete, in the appli- 
cation of special admixtures to retard 
the setting time of concrete and to re- 
duce water and cement requirements... 

“As a tribute to an eminent career 
in concrete technology, the Department 
of the Interior grants to Mr. Price its 
highest honor, the Distinguished Serv- 
ice Award.” 

Mr. Price has been the chairman of 
many committees of ACI, ASTM, and 
ASCE. He was elected president of 
the American Concrete Institute in 
1957. He was one of the nation’s six 
leading authorities in concrete who 
inspected Russia’s concrete manufac- 
turing plants and concrete construction 
in 1958. Long active in ACI committee 
work and author of several JOURNAL 
papers, Mr. Price received the Insti- 
tute’s Wason Medal in 1951 for his pa- 
per, “Factors Influencing Concrete 
Strength.” 





JOURNAL OF THE AMERICAN CONCRETE 


L 


INSTITUTE January 1960 


No winter slowdown here with Columbia Calcium Chloride in the mix. 


KEEP YOUR WINTER CONCRETE JOBS ON 
SCHEDULE WITH COLUMBIA CALCIUM CHLORIDE 


Roads, bridges, buildings . . . no matter 
what you’re constructing, if the jobs use 
concrete, Columbia Calcium Chloride 
added at the rate of 2% by weight of 
cement helps keep your cold weather 
jobs moving. Columbia Calcium Chlo- 
ride benefits you in these three time-and- 
profit-saving ways: 

Higher Early Strengths—At 40°F, 
you get 3-day strength in 1 day, 7-day 
strength in 344 days. There’s no cold 
weather lag in strength gain; your job 
stays on schedule. 


Faster Initial Set—Under normal 
conditions, Columbia Calcium Chlo- 


ride cuts initial set time from 3 hours to 
1 hour. At lower temperatures, the 
effects are even more pronounced. You 
get finishers on and off the job faster, 
avoid costly overtime. 


Early Form Removal— Rapid strength 
gain permits removal and re-use of forms 
in about half the normal time. 


Get all these built-in, cold weather bene- 
fits for your concrete jobs. 


Specify Columbia Calcium Chloride. 
For more information, contact our 
nearest District Sales Office or write 
our Pittsburgh address. 


COLUMBIA-SOUTHERN CHEMICAL CORPORATION 
A Subsidiary of Pittsburgh Plate Glass Company « One Gateway Center, Pittsburgh 22, Pennsylvania 
DISTRICT OFFICES: Cincinnati * Charlotte « Chicago « Cleveland « Boston « New York « St. Louis 


Minneapolis « New Orleans « Dallas « 
IN CANADA: Standard Chemical Limited 


Houston « 


Pittsburgh « Philadelphia « San Francisco 
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From the top down — 


Roof Slab Concreted First 


“SKY HOOKS” were not used, but a 
Seattle contractor followed the idea in 
constructing the University of Wash- 
ington Dr. Samuels Institute Building 
for Heart and Cancer Control. 

Reversing the usual order of con- 
struction, W. G. Clark Construction Co. 
placed the concrete roof deck first and 
then worked down from the roof 
through the third, second, and first 
floors. 

Although designed as a 15-story all 
steel frame building by Naramore, 
Bain, Brady & Johnson, Seattle archi- 
tects, only the first three floors, roof, 
and penthouse were built at this time. 

After erection of the steel frame, the 
contractor started his concreting with 
the roof slab. All concrete slabs are 4% 
in. thick and the largest panel is 18 ft 
4 in. by 10 ft. 

The form was made of bolted 4 x 
4-in. timbers decked with %4-in. ply- 
wood and supported by three Acrow 


expandable span units. All the span 
units were placed lengthwise of the 
floor panel and were supported at each 
end on 4 x 4-in. wood wedges that 
rested on the lower flange of the cross 
beams of the panel. 

After the roof slab had been placed 
and cured, the supporting assembly, 
consisting of form and expandable hori- 
zontal shoring units, was lowered to 
the next floor .First the center bolts 
of the span units were loosened. This 
allowed the units to sag enough to free 
the end wedge supports. The entire 
supporting assembly was then pulled 
down enough to free the underside of 
the slab, tipped cornerwise to clear the 
lower flanges of the panel beams, and 
then lowered to position on the floor 
below. After securing the forms, the 
contractor was ready to concrete the 
next floor. The entire operation could 
be completed by four men in about 45 


Left—Roof deck forms in place prior to lowering to third floor. (Heavy steel 

framing is designed for future |5-story building.) Right—Form unit is lowered 

on completion of roof deck. Four men could lower the panel and position it for 
concreting on the next floor 
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FRANCE 
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MEXICO 


NEW ZEALAND 
PUERTO RICO 
SWITZERLAND 
THAILAND 
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UNITED STATES 


TECHKOTE AIR METER.. 
FIRST CHOICE AROUND THE WORLD 


The Techkote Air Meter now provides a multi-range testing instrument 
that vastly increases the usefulness of the air meter. It is now possible to 
measure accurately—within a fraction of a degree—entrained air with one 
instrument on numerous materials such as lightweight concrete, mortar, 
plaster and soil, in addition to regular concrete. 





NOW in both 4 cu. ft. and V2 cu. ft. 

This outstanding new Multi-Range feature, 
together with the Nomograph and many other 
exclusives of the Techkote Air Meter, 

offers a combination unequalled in this type of 
equipment. TO BE SURE...USE THE FINEST! 


A; 


PRESSTITE DIVISION 
AMERICAN-MARIETTA COMPANY 


Western District 
600 LAIRPORT ST. » EL SEGUNDO « CALIFORNIA 
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Positions and Projects 





Southern California chapter 


and PCA sponsor seminars 

Five seminars on the ultimate 
strength theory of reinforced concrete 
design were recently conducted jointly 
by the Southern California chapter of 
the American Concrete Institute and 
the Portland Cement Association. 

Each of the five seminars consisted 
of a series of four evening lectures, 
which were open to architects, engi- 
neers, structural designers, and senior 
engineering students. The seminars 
were conducted at Van Nuys, San Diego, 
Long Beach, and Los Angeles during 
November and December. 


ACI Michigan 

members meet 

’ Engineers from the Michigan area 
met for an ACI luncheon meeting on 
November 11. 

The subject of the meeting was the 
design of flat slab floors. This dis- 
cussion was based on the talk given at 
the October meeting by Alfred Zweig, 
senior structural engineer, Albert Kahn 
Associated Architects and Engineers, 
Detroit. Discussion centered around 
limitations in Chapter 10 of the ACI 
Building Code. 

Raymond C. Reese, consulting engi- 
neer, Toledo, chairman of Committee 
318, Standard Building Code, offered 
a number of pertinent remarks con- 
cerning Chapter 10 in particular and 
flat slab floors in general. Other com- 
ments were made by Mr. Zweig; Daniel 
Ling, professor of civil engineering, 
Wayne State University; and William 
C. Krell, Portland Cement Association, 
Detroit. 

Information concerning flat slab 
floors contained in “Design of Blast 
Resistant Construction,” by C. S. Whit- 
ney, B. G. Anderson, and E. Cohen, 
published in the March, 1955, ACI 
JOURNAL, was also covered. 


ACI-ASCE committee 
on composite structures meets 


ACI-ASCE Committee 333, Design 
and Construction of Composite Struc- 
tures, held a meeting during the ASCE 
convention .in Washington, D.C., Oct. 
20, 1959. 

The major portion of the discussion 
was concerned with tentative recom- 
mendations for composite designs for 
buildings. A draft was presented by a 
task committe headed by P. P. Page, 
Jr., Seelye, Stevenson, Value and 
Knecht, New York. The recommenda- 
tions, explanations, and an introductory 
statement will constitute the first prog- 
ress report of the committee. 

During the convention, the commit- 
tee sponsored a technical session on 
composite design in building construc- 
tion. Four papers were presented on 
design, research, and construction. 

Ivan M. Viest, AASHO Road Test, 
Ottawa, Ill., is chairman of the joint 
committee. 


Rice addresses ACI 
Southern California Chapter 


Edward K. Rice of T. Y. Lin and 
Associates, Van Nuys, Calif., was the 
feature speaker at the ACI Southern 
California Chapter meeting on Novem- 
ber 18. He presented an illustrated talk 
on “Recent Developments in Prestressed 
Concrete over the United States.” 


J. L. Peterson (left), chapter president, and Edward 
K. Rice, guest speoker 
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Over 125 members and guests at- 
tended the dinner meeting. 

The March meeting will be the an- 
nual meeting of the chapter. New 
chapter officers elected by ballot will 
be announced at this meeting. 


Battelle reports new 
analysis technique 


A new technique, using radioisotopes, 
to speed up the analysis of magnesium 
oxide in portland cement has recently 
been reported by scientists at Battelle 
Memorial Institute, Columbus, Ohio. 
The radiometric technique, developed 
in a study of tracer quality-control 
systems for the U. S. Atomic Energy 
Commission, cuts the time required for 
analysis of magnesium oxide from 28 
hr to less than 1 hr. 

The new procedure for analysis is 
based on modification of the basic 
method outlined by the American 
Society of Testing Materials. The pri- 
mary change in the latter is the labeling 
of ammonium monohydrogen phosphate 
with phosphorus-32. This step enables 
direct determination of the amount of 
precipitate formed and eliminates the 
time-consuming digestion, filtration, 
ignition, and weighing steps required 
in conventional analysis. In a concen- 
tration range of 5 to 15 milligrams of 
magnesium oxide per 100 milliliters, 
accuracy of the results have been with- 
in 0.05 percent when the results are 
expressed as percent of magneisum 
oxide in cement. 


International research experts 
address BRI fall conferences 


Distinguished building researchers 
representing the governments of Cana- 
da and South Africa preserited papers 
at the “Building Research, Internation- 
al” session of the Building Research 
Institute’s fall meeting held November 
17-19 in Washington, D. C. at the 
‘Shoreham Hotel. Recent research de- 
velopments in Scandinavia, Russia, and 
Holland were outlined by BRI members 
who attended this summer’s Interna- 
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tional Building Conference (CIB) in 
Rotterdam. 

Prominent ACI members participat- 
ing in the conference were: Douglas E. 
Parsons, chief, Building Technology Di- 
vision, National Bureau of Standards, 
who presided at this session, November 
17; M. F. Kaplan of Pretoria, head of 
the Civil Engineering Division, Build- 
ing Research Institute of South Africa, 
who outlined the work of that organi- 
zation, much of whose literature is dis- 
tributed in America; and Grayson Gill, 
engineer-architect, Dallas, who was one 
of the speakers reporting on the Rot- 
terdam meeting. 


Calaveras to merge 
with Flintkote 


Calaveras Cement Co. will be merged 
into Flintkote Co. in a move described 
as a further step in Flintkote’s planned 
program of expansion and diversifica- 
tion. 

Calaveras, based in San Francisco, 
owns and operates a cement plant in 
San Andreas, Calif., with an annual 
capacity of 4,300,000 bbl. All employees 
and executive personnel of Calaveras 
will be retained and Wallace M. Mein, 
Calaveras chairman of the board, will 
become a Flintkote director. 


Neu appointed to manage 
Garavaglia Contractors 


Frederick W. Neu was recently ap- 
pointed vice-president and _ general 
manager of Louis Garavaglia Contrac- 
tors, Inc., Detroit, Mich. 

Mr. Neu leaves a top management 
post with the firm of Grove, Shepherd, 
Wilson and Kruge with principal of- 
fices in New York City. He has been 
employed by this company for the past 
20 years. 

Mr. Neu is a graduate civil engineer 
and is registered as a civil engineer in 
Michigan and Indiana. His experience 
includes various sorts of heavy con- 
struction including bridges, buildings, 
foundations, and highways, which is 
the line of work followed by Garavag- 
lia Contractors. 





Harry F. Thomson 


Harry F. Thomson, past president of 
the Institute, died on November 7 in 
Mexico City. 

After graduating from Washington 
University, Mr. Thomson served as in- 
structor and research worker at the 
Massachusetts Institute of Technology 
for 4 years. He then became associated 
with the Provident Chemical Works, 
successively as assistant superintendent, 
Eastern manager in New York City, 
sales manager, and vice-president. In 
1924 he joined the Federal Phosphorous 
Co. as executive assistant. 

In 1927 Mr. Thomson became vice- 
president of the General Material Corp. 
of St. Louis, one of the pioneer com- 
panies in producing commerical ready-— 
mixed concrete. He continued with that 
company as vice-president and subse- 
quently as president until 1948. Since 
that time he had acted as consulting 
engineer, specializing in ready-mixed 
concrete plant and merchandising prob- 
lems. 

Mr. Thomson had been active in ACI 
affairs since 1928. In 1951 he was elect- 
ed president, culminating years of par- 
ticipation in various Institute activities. 
He was elected to the Institute Board 
of Direction in 1939 and served until 
1940, then again from 1942-48, and was 
elected vice-president in 1949. He was 
active in the work of numerous com- 
mittees and contributed generously to 
JOURNAL pages. 

Mr. Thomson served as president of 
the National Ready Mixed Concrete As- 
sociation and was a former national 
director of ASCE. 

Long active in the civic affairs of St. 
Louis, he had served as director of the 
St. Louis Chamber of Commerce and 
was one of the organizers of the Metro- 
politan Plan Association of St. Louis. 
He had cooperated actively with the 
federal emergency and wartime agen- 
cies; these services included member- 
ship on the Advisory Committee, Of- 
fice of Defense Transportation for the 
St. Louis region; chairmanship of the 
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National Advisory Committee for the 
Ready-Mixed Concrete Industry, Office 
of Price Administration; and panel 
member for industry of the Regional 
War Labor Board. 

Mr. Thomson was a retired lieuten- 
ant commander of the Civil Engineer- 
ing Corps. Reserve of the U. S. Navy. 


Besser establishes 
technical center 


Establishment of Besser Technical 
Center dedicated to the advancement of 
the concrete masonry industry has been 
announced by J. H. Besser, president 
of Besser Co., Alpena, Mich. 

The technical center has three de- 
partments each serving blockmakers in 
specific ways: Research, Materials and 
Methods, and Consulting Service. The 
aim of the center is to exhaustively ex- 
plore these fields and inform the in- 
dustry through correspondence and 
formal instruction. Attendance at the 
Besser School is free and services of 
the center are available to all inter- 
ested in the masonry field. 

Since 1954 the Besser Co. has con- 
ducted the Besser School for Block- 
makers to inform the operators of the 
best known production techniques, In 
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1958 a Seminar for Block Plant Owners 
and Managers was added to the school 
curriculum. By the end of 1960 the 
service of the school will be further en- 
larged with instruction in the opera- 
tion of automatic off bearing and un- 
loading machinery. 


National prestressed concrete 
short course, February 1-3 


The third national prestressed con- 
crete short course cosponsored by the 
department of civil engineering, Uni- 
versity of Florida, and the Prestressed 
Concrete Institute, will be conducted 
February 1-3 at the University of Flor- 
ida, Gainesville. 

The program is planned to acquaint 
the practicing engineer and architect 
of developments in theory and design 
of prestressed concrete structures. It 
will enable the producers of prestressed 
concrete units to learn efficient plan- 
ning and production in casting yards. 
Outstanding engineers from all over 
the country will discuss topics on speci- 
fications, quality control and design of 
bridges, industrial buildings and un- 
usual structures. 

Further details available from: Pre- 
stressed Concrete Short Course, Civil 
Engineering Department, University of 
Florida, Gainesville, Fla. 


Rawhauser retires 
from government service 


Clarence Rawhauser has retired from 
government employ after 30 years of 
continuous service. 

For the past 7% years he has been 
with the International Cooperation Ad- 
ministration of the U. S. State Depart- 
ment: 7 years on assignment as dams 
design engineer adviser with the Cen- 
tral Water and Power Commission of 
the Government of India, and 6 months 
on the Washington complement of ICA 
in the industrial engineering division. 
While on assignment in India he 
worked closely with design supervisors 
and construction engineers on many of 
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the large concrete and masonry dams 
under construction including Bhakra, 
Airakud, Rihand, and Koyna dams. 

For over 21 years, prior to the Indian 
assignment, Mr. Rawhauser was a de- 
signer in the Concrete Dams Division 
of the Bureau of Reclamation at Den- 
ver. He contributed materially to the 
plans and methods used for controlling 
the temperature of Seminole, Bartlett. 
Parker, Grand Coulee, Marshall Ford, 
Shasta, Friant, and Altus dams. 

He has been an ACI member since 
1937 and was awarded the Wason Med- 
al for the most meritorious paper in 
1945, “Cracking and Temperature Con- 
trol of Concrete Dams,” published in 
the February, 1945, JoURNAL. 

Mr. Rawhouser, tentatively located 
in Seattle, plans to work as a consult- 
ant on dams and development of river 
valley project plans involving flood 
control, power, irrigation, and naviga- 
tion. 


Albright joins PCA staff 


Richard O. Albright has joined the 
Portland Cement Association staff as a 
field engineer. He will represent PCA 
in northwestern Indiana. 

For the vast 5 years Mr. Albright has 
been a designer for Clyde E. Williams 
and Associates of South Bend, Ind. 


Errata 


The following corrections should be 
made in “Design of L-Shaped Columns 
with Small Eccentricities,” by L. S. 
Muller, which appeared in the Decem- 
ber, 1959, ACI JouRNAL. 

p. 489—in the notation, in the ex- 
pression for T, min Change A, to A,. In 
the expression for X, change b to B. 

p. 494—in the definitions above Eq. 
(20), the term F, = 0.45f.’ should be 
a separate item and not part of the 
expression for f‘»,. The term u, under 
“Concrete section,” should read pnp, = 
— 0.0122. 

p. 496—tthe correct title in Reference 
4 is “Spannungnachweise bei schiefer 
Biegung mit und ohne Laugskraft in 
belieiebigen Querschnitten.” 





ZOLITH ...makes good concrete better 


Prestressed 
concrete beams 
for 6 bridges 

at Air Academy 


Part of the striking man-made landscape at the 
new U.S. Air Force Academy are six major 
concrete bridges—4 highway and 2 railway 
spans—that required over 2) miles of pre- 
stressed concrete beams. 

PozzoLiTH concrete was specified and used 
for all 128 beams. The mix was designed to 
produce 4% entrained air, 2-inch average slump 
and high early strength. Compressive strength 
of 4500 psi—required before stress application 
—was achieved in 3 to 5 days with Pozzo.Liru. 
Seven day strength was approximately 6500 
psi and 28-day strength was well above 7000 psi. 

Over 750,000 cubic yards of PozzoLitH con- 
crete were used throughout the Academy com- 
plex—to best meet a wide range of concrete 
requirements. PozzoLiITH best provides con- 
trol over three important concrete quality fac- 
tors: water content, entrained air and rate of 
hardening—the key factors in obtaining uni- 
form, superior quality concrete. 

On your concrete projects, the local Master 
Builders field man will welcome discussing 
your requirements. Call him in. He’s at your 
service—and expertly assisted by the Master 

. : Builders research and engineering staff — 
PRECAST BRIDGE BEAM is inspected after unexcelled in the field of concrete technology. 


post-tensioning. Construction of all pre- ; . 

stressed Pozzo_itH concrete beams by A. S. ig Fae = ang oo ae. beacon 3, Ohie 
Horner Construction Co., Contractors, Fic Miccee Inioatioaen, Ltd, hn 15, Ont. 
Denver. Bridges built under supervision of International Department, New York 17, N.Y. 

the Air Force Academy Construction Agency. Branch Offices in all principal cities. 


SS ca 
“ 


LARGEST OF 6 BRIDGES includes five 120-foot spans of prestressed PozzoLitu concrete 
beams. Bridge deck is 71-feet wide. Architects: Skidmore, Owings & Merrill, Chicago. 
Engineer: L. Boduroff, Denver. Prestressing: Prescon Corp., Corpus Christi, Texas. 


*POZZOLITH is a registered trademark of The Master Builders Company for its concrete admixture 
to reduce water and control entrainment of air and rate of hardening. 
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Medusa announces 
executive appointments 


The Medusa Portland Cement Co., 
Cleveland, Ohio, has appointed Ralph 
H. Campbell, formerly vice-president 
in charge of sales, as vice-president- 
commercial. Robert A. Marshall, form- 
erly assistant general sales manager, 
has been appointed general sales man- 
ager. 

Mr. Campbell been associated 
with Medusa for over 25 years. Mr. 
Marshall has been with the company 
6 years. 


has 


FIP council meets in Madrid 

The administrative council of the 
Federation Internationale de la Precon- 
trainte recently met at the Instituto 
‘Tecnico de la Construccion y del Ce- 
mento in Madrid 

It was agreed that the 4th Congress 
of the FIP would be held in Rome or 
Naples in June or July 1962. The pro- 
gram will be based on research con- 
struction, significant developments, and 
events of importance in the field since 
January 1958. The six official FIP 
languages will be English, French, Ger- 
man, Italian, Russian, and Spanish. 


Ford, Bacon and Davis granted 
Australian project contract 

Ford, Bacon and Davis, Inc., 
York engineering firm, has been signed 
by the Queensland government to su- 
pervise the first phase of a $22.5 million 


New 


rehabilitation and modernization rail- 
way program. 

The immediate program involves 
work on the Townsville-Mount Isa rail- 
way line, including a new classification 
yard near Townsville; relaying with 
heavy rail the 242 miles between Rich- 
mond and Duchess on the western por- 
tion of the Mount Isa line, and restoring 
some 300 timber bridges in this area; 
also reducing grades and improving 
drainage. 

Ford, Bacon and Davis will advise the 
project unit and provide over-all su- 
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pervision of engineering, design, and 
construction. D. G. Niarchose, senior 
civil engineer, has been named resident 
engineer and L. H. Poor, senior super- 
vising engineer, will represent the firm 
as consulting engineer on the project, 
making periodic trips to Australia. 


Viest addresses joint 
ASCE-ICE group in Toronto 
Ivan M. Viest, bridge research engi- 
neer, AASHO Road Test, Ottawa, IIl., 
was principal speaker at a joint area 
meeting of the American Society of 
Civil Engineers and the Institution of 
Civil Engineers in Toronto, November 
10. Dr. Viest, chairman of ACI-ASCE 
Committee 333, Design and Construc- 
tion of Composite Structures, reviewed 
the experimental and theoretical in- 
vestigations and significant applications 
of composite construction. 


Short course in residential con- 
struction, January 14-15 


Ways in which good design and con- 
struction can be incorporated into 
houses built for low income groups will 
be explained at the 15th annual short 
course in residential construction, Jan. 
14-15, 1960, at the University of Illinois. 

The short course is the annual report 
session of the University of Illinois 
Small Homes Council-Building Re- 
search Council. One of the subjects to 
be covered is slab construction. 


Permanente announces major 
executive appointments 


Peter S. Hass was recently elected 
executive vice-president of Permanente 
Cement Co., Oakland, Calif. Mr. Hass 
joined the company in 1947 as senior 
engineer at their plant near San Jose. 
He subsequently held a number of ad- 
ministrative positions and in 1955 was 
elected vice-president and _ assistant 
general manager of the company. 

Three major appointments have been 
made in the operations division: John 
I. Walker, formerly assistant to John 
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M. Groutte, vice-president in charge of 
operations has been assigned to the 
newly created post of general produc- 
tion manager. Walter E. Ousterman, 
previously a staff assistant, has been 
named assistant to the vice-president of 
operations. Eldred Bollinger, formerly 
assistant quality control manager, as- 
sumes the position of assistant produc- 
tion manager. All three appointees are 
headquartered at the Permanente plant 
near Los Altos, Calif. 


Sprouse to manage new Master 
Builders Oklahoma City branch 


James H. Sprouse, Jr. will serve as 
office manager for The Master Builders 
Co. new branch office in Oklahoma 
City. 

Mr. Sprouse joined Master Builders 
in 1955. Prior to his new appointment 
he was a Master Builders field sales 
engineer in Texas, Oklahoma, and New 
Mexico. 


New book tells 


Where... 
How... 


to place reinforcing bars 
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AASHO road test chalks 
up five million miles 


Vehicles at the AASHO Road Test, 
Ottawa, Ill., have chalked up 5,000,000 
miles of operation in the first year of 
the full-scale test traffic. This pace 
has resulted in an average of 325,000 
axle load applications on each of the 
hundreds of test pavement sections. 

The Road Test, sponsored by the 
American Association of State Highway 
Officials, is a study of the performance 
of pavements and short-span bridges of 
various structural designs under con- 
trolled truck traffic. Present plans call 
for test traffic to continue until the 
summer of 1960. 

Three main experiments are under 
way at the test site. They involve rigid 
pavements, flexible pavements, and 
short-span bridges. In the pavement 
experiments some test sections were 
underdesigned and some were overde- 
signed. However, each experiment is 


Written for bar setters and inspectors... 
as a manual for apprentice courses ... 
and a reference for specification writers, 


architects, engineers, and detailers. 


Contains complete specifications and in- 
structions for placing reinforcing bars, 
welded wire fabric, and their supports. 


CONCRETE 


REINFORCING STEEL 
38 South Dearborn Street (Dept. R), Chicago 3, Illinois 


Prepared under the 
direction of the 
C.R.S.I. Committee 
on Engineering 
Practice. 
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independent and requires separate anal- 
ysis. All of the 18 bridge spans included 
in the test were underdesigned. Each 
span is considered a separate case 
study. 

Ten vehicles range from pick-up 
trucks with 2000 lb single axle loads 
up to large tractor and semitrailer 
combinations with 30,000 lb single and 
48,000 lb tandem axle loads. Traffic 
operates on five test loops in ten lanes. 
All vehicles in any one lane have iden- 
tical axle loads. 

The test vehicles are being driven by 
men from a special U. S. Army Trans- 
portation Corps unit stationed at the 
test site. The soldiers drive in two 
shifts, covering about 18% hr per day, 
6 days a week. 

No data or detailed information on 
the performance of the various pave- 
ments or bridges has been released. 
The Highway Research Board, accord- 
ing to staff officials, is convinced that 
release of data prior to completion of 
the tests might lead to misleading con- 
clusions. 

Two reports on the test are being 
prepared and are scheduled for publi- 
cation by the Board next year. The first 
will cover the background and concepts 
of the test; the second will describe 
the construction of the test facilities. 
Final reports on the research findings 
will be published in 1961. 


Sika opens district 
office in Kansas City 
Sika Chemical Corp. has opened a 


district office in Kansas City, Mo. This 
is its tenth district office and will serve 


architects, engineers, contractors and 
the concrete construction industry in 
Missouri and Kansas. 

John F. Esping heads the new district 
office. For the past 8 years Mr. Esping 
has been a district manager and sales 
representative in the Kansas City area 
for Butler Manufacturing Co., Rey- 
nolds Metals Co., and the Special Prod- 
ucts Division of Stromberg-Carlson Co. 
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Burnett elected president 
of Johns-Manville 

C. B. Burnett has been elected pres- 
ident and chief operating officer of 
Johns—Manville Corp., New York. Mr. 
Burnett joined Johns-Manville in 1931. 
He was elected executive vice-president 
and a director in 1957. 


Twaits-Wittenberg Appoint 
Ball to key post 


The appointment of Herbert C. Ball 
to the position of general manager of 
Twaits-Wittenberg Co., Los Angeles 
constructors and engineers, was recent- 
ly announced by Carl H. Wittenberg, 
general partner. Mr. Ball joined the 
Twaits-Wittenberg organization in 1934. 
In 1958 he was made construction man- 
ager, a position he held until his pres- 
ent appointment. 


Alpha Portland Cement 
registers new trademark 


Alpha Portland Cement Co., Easton, 
Pa., has registered a new trademark 
with the U. S. Patent Office. 

Alpha now has a capacity of over 
14,000,000 bbl a year and the modern- 
ized trademark symbolizes Alpha’s pro- 
gressiveness according to the company 
president, Robert S. Gerstell. It is the 
second trademark registered by Alpha 
since the company was organized in 
1895. 


University of Houston 
sponsors short course 


A short course covering prestressed 
concrete design was held at the Uni- 
versity of Hovston, November 10 to De- 
cember 15, on Tuesday evenings. 

The course was conducted by Ben W. 
Young, Prescon Corp., Corpus Christi, 
Tex. The program was designed to pro- 
vide engineers with a working knowl- 
edge of prestressed concrete design and 
to develop for each engineer a notebook 
containing typical examples for subse- 
quent reference. 
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CLINTON Welded Wire Fabric 


A steel backbone for concrete structures 


The giant steelman symbolizes the years 
of experience, top quality materials and 
rigid quality controls that enable CFal to 
produce dependable steel products for all 
industries. Contractors rely on one of these 
—CF«lI-Clinton Welded Wire Fabric—to 
add the tensile strength of steel to the 
durability of concrete. 


CF«I-Clinton Welded Wire Fabric is 
ideal for reinforcing all types of concrete— 
both light and heavy construction. The 
wire mesh adds years of trouble-free life to 
the concrete because it helps cushion the 
shock of heavy loads, distributing the 
stress over a wide area. The steel rein- 
forcing also minimizes cracking during the 


setting period because it provides anchor- 
age for the concrete. And the steel fabric 
holds the concrete tightly together to pre- 
vent heaving due to extreme temperature 
changes. 


CF«I-Clinton Welded Wire Fabric is 
easy to use. The fabric unrolls smoothly 
and lays flat ...it can be shaped and cut 
quickly. It’s available in a wide range of 
gages and meshes for every reinforcing re- 
quirement. CF«lI-Clinton Welded Wire 
Fabric is also furnished in mat form to 
meet individual specifications. 


For full details—and prompt delivery — 
call the nearby CF«lI sales office. 


FREE! Send for new 32-page catalog, “CF&I Steel Products for the Construction Industry”. 


CLINTON 


WELDED WIRE FABRIC 


THE COLORADO FUEL AND IRON CORPORATION 
In the West: THE COLORADO FUEL AND IRON CORPORATION — Albuquerque 


Denver - El Paso - 


City - Phoenix - Portland - Pueblo + Salt Lake City - 


Farmington (N. M.) - Ft. Worth - Houston - Kansas City - Lincoln - Los Angeles - 


San Francisco - 
In the East: WICKWIRE SPENCER STEEL DIVISION—Atlianta - 


New York - 


STEEL. 7204-A 


+ Amarilio - Billings - Boise - Butte 
Ooklend - Oklichoma 
Seattle - Spokane + Wichita 
Detroit - New Orleans 


San Leandro - 


Boston - Buffalo - Chicago - 


Philadelphia 


CF&l OFFICE IN CANADA: Montreal - CANADIAN REPRESENTATIVES AT: Calgary - Edmonton - Vancouver - Winnipeg 
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Neff Concrete appoints 
Schmidt superintendent 


Crosby A. Schmidt has been named 
plant superintendent at Neff Concrete 
Products Co., Danville, Ill. Mr. Schmidt 
previously was vice-president and gen- 
eral manager of Prestcrete Corp., Plano, 
Ill. 


Stone and Webster 
promote Allshouse 


Robert L. Allshouse, superintendent 
of construction for Stone and Webster 
Engineering Corp. in Texas and Louisi- 
ana, has been named a construction 
manager of the world-wide organiza- 
tion and transferred to the Boston head-— 
quarters. Mr. Allshouse joined the com- 
pany in 1952. 


King joins Master Builders 


John C. King has been named prod— 
uct development engineer for The Mas- 
ter Builders Co., Cleveland. Prior to 
joining Master Builders, Mr. King was 
chief engineer for Intrusion-Prepakt, 
Inc. of Cleveland. He has also been as- 
sociated with International Engineering 
Co., Denver, and the Bureau of Recla- 
mation where he specialized in dam 
design and mass concrete research. 


Calaveras announces plans for 
$14 million cement plant 


Calaveras Cement Co., a division of 
The Flintkote Co., with headquarters 
in San Francisco, recently announced 
plans to construct a $14 million cement 
plant at Redding, Calif. Construction 
will begin shortly and is scheduled for 
completion by March, 1961. 

The new plant, to be situated on a 
raw material site encompassing more 
than 1500 acres of high grade limestone 
and shale, will have an initial rated 
annual capacity of 1,500,00 bbl. The new 
plant will help meet the demands in 
adjacent areas now being served by 
the San Andreas plant of Calaveras 
Cement Co. 
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January 1——- December 31, 1959 


Over 400 “member conscious” ACl’ers have 
made their contribution to the growth of the In- 
stitute this year by proposing 686 new members. 

If each of our members would introduce one 
new member to the Institute, our membership 
would soon double. Get your name on the Honor 
Roll next year. 





Point System 


1 point for Student; 2 points for Junior; 3 
points for Individual; 4 points for Corporation; 
and 5 points for Contributing. 








Robert P. Witt 
Samuel Hobbs . 
Alfonso Marin E 
George B. Southworth 
Robert F. Adams ... 
James Chinn .. 

H. C. Pfannkuche 
Alberto Dovali Jaime 
Louis A. Gottheil ... 
Newlin D. Morgan, Jr 
David A. Sauer 
Faraj Tajirian 

Joe W. Kelly 

Ferruh Taskin 

Phil M. Ferguson 
Charles C. Luther 
James E. Amrhein 
Chas. W. Cole, Jr. .... 
W. S. Cottingham 
Kenneth M. Huber 
A. T. Klassen 

William C. Krell 
Gene M. Nordby 
Francesco Sardella 
Leroy A. Staples . 
Joseph J. Shideler 

T. J. Cavanagh .. 
George P. Duecy 
Wendell H. Nedderman . 
Emilio Rosenblueth .. 
Glenn C. Thomas 
Henry Aaron 

Jay B. Ames 

Jose Maria Bravo 
Allen H. Brownfield 
John L. Burdick ... 
Ss. D. Burks as 
Guillermo Castellanos G. 
Clinton H. Chalmers 
H. J. Dickinson 
Ward Dobbin 





Myron L. Goral . 
Mauro N. Guzman . 
John E. Heer, Jr. 
Gregorio Hernandez 
Horace G. Hill, Ill 
Aleck E. Hiscox 
Truman R. Jones, Jr. 
Elias Kardaras 
George J. Kerekes 
George E. Large 
Leo M. Legatski 
Frank B. May 

J. Antonio Pardo 

R. C. Postlethwaite 
George N. Scofield 
L. J. Sewell 

John P. Thompson 
George Batievsky 
Victor M. Gallo 
Martin J. Gutzwiller 
Jack C. McCoe . 
Abel M. Przespolewski 
W. E. Moulton 
Rafael E. Pacheco 
Sabri Sami 

Cc. P. Siess 

Michael Alexander 
W. H. Armstrong 
Ira M. Beattie 
Andrew G. Fallat 
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Ambrosio R. Flores 
Stanley E. Goodwin 
Eberhart Gunther 
Gerald B. Haddon 
B. E. Kester 

S. J. Moore paard 
Constantin Polidoroff 
Jerome M. Raphael 
Antonio I. Rosquete 
Felix R. Sarapu 
Donald A. Sawyer 
M. F. A. Siddiqui 
Howard Simpson 
James E. Stanners 
Lewis H. Tuthill 
Victor Achim 
John H. Adams 
Mihran Agbabian 
Richard G. Allen 
William C. Alsmeyer 
James E. Amrhein 
Tamnoon Ansusinha 
John D. Antrim . 
Edward E. Baker 
W. C. E. Becker 
Luther E. Bell 

O. R. Bell 

Dutton Biggs 

J. R. Bissett 

David Bloom 
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J. G. Bodhe 
D. E. Bowen 
Dan E. Branson 
John E. Breen 


Ralph B. Brenan, Jr. 


Cc. F. Brown, Jr. . 
Theodor H. Busck 
G. M. Butcher 
Wallace J. Carson 
Mario J. Catani 
Solomon Chornik 5. 
Marvin B. Cohen 
Jose Cosio ‘ 
Anthony J. Costanza 
M. A. Craven 
Ralph G. Crimms, Jr 
M. H. Cutler 
Raymond E. Davis 
Roger D. de Cossio 
Jaime de las Casas 
Ray C. Dickerson 
O. A. Dresser 
Frdk. W. Drury, Jr. 
Thomas A. Duwelius 
Robert R. Earickson 
Peter E. Ellen 
Gene E. Ellis 

B. A. Eskenazi 

R. H. Evans 
Russell S. Fling 


Third Printing! 


This valuable handbook provides 


Reinforced Concrete Designs 
worked out to the latest A.C.I. 
Building Code. Send check or 
money order today for 1959 copy. 
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Precast 
Concrete 
Components 
Lifted and 
Placed with 


Det mond 
Lifting 
Inserts 
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Precast wall slab being tilted into place by means 
of Richmond Lifting Inserts and Lifting Brackets. 


Certified tests by an independent laboratory assure proper strength rating 
for efficient design and performance in concrete at usable strength 


Richmond has developed and test- 
ed a complete line of Lifting Inserts 
and accessories for handling and 
placing of precast concrete wall 
slabs, columns, beams, girders, 
piles, etc. 

No matter what type of precast 
units are involved, Richmond can 
supply exactly the right type of in- 
sert for the specific job. 

These units are designed with 
adequate extra strength and for 
simple operation in lifting and 
bracing precast concrete compo- 
nents. 


Send for your copy of the Richmond 
Data Book on Lifting Inserts giving 
complete technical data, dimensions, 
working loads and ultimate strengths 
in various strengths of concrete. At the 


same time ask for your copy of the 


latest Richmond 
Handbook show- 
ing the com- 
plete line of 
form tying an- 
chorage and ac- 
cessory devices 
for concrete 
construction 
backed by 47 
years in this 
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J. R. Florey 

James Lee Ford 
Ray J. Foss 
Joseph J. Fox 
Russell H. Fuller 
F. S. Fulton 
Junius R. Gardner 
Ben C. Gerwick, Jr. 
E. J. Gianotti 


Ashby T. Gibbons, Jr. 
Raleigh DeVisme Gipps . 


Seymour Greenberg 
Elliot A. Haller 
Geo. F. Hammersmith 
Robert B. Harris 
Edric J. Hayford 
Howard H. Hays 
Thomas A. Heno 
Elmo C. Higginson 
F. J. Hosgood 
Samuel I. Iwata 
Max Jaffe 

J. E. Jellick 

J. E. Jones a 
William W. Karl .. 
Joseph Karni 
Allan A. Kay 

R. Evan Kennedy 
Frank Kerekes 
Cyril C. Keyes : 
Narbey Khachaturian 
G. M. Kidd 


Frank R. Killinger 


H. I. King 
Solomon Kirschen 
Carl O. Knop 

Erik Kolle 

Felix Kulka . 
Robert R. Kuske 
Edward Laing 
Ronald Lazar .. 
Elmer C. Lee 
Henry M. Lees 
Janis Liepins 

Chiu Ching Lim 
Henry Lipkind 
Guillermo Lleras 
Ciceron Hiedra Lopez 
Russ A. Loveland 
Pedro L. Lozada C. 
George R. McCaulley 
Douglas McHenry 
Keith E. McKee 
Roy W. McLeese 
Ernst Maag 

M. F. Macnaughton 
George A. Mansfieid 
Amos R. Mead .... 
Eduardo M. Flores 
L. Boyd Mercer 
Gustaf Mickos 
Otto H. Monch S. 
Almer F. Moore 
Joseph H. Moore 
William J. Moore 
Gene R. Morris 
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Leslie E. Moss 
W. H. Muirhead . 
Fernando Munilla 
George T. Nichols 
Edgar A. Oetzel 
Donald H. Olson . 
Cenap Oran 


John H. Palmer ....... 


Diego Parra Pardi 
Gerald F. Paulson 


Orris O. Pfutzenreuter . 


Ray A. Pinnell, Jr. ... 
Yohanan Priell 

M. E. Prior 

W. E. Pugsley 

Jack L. Randall 

S. N. Guru Rau 

E. B. Rayburn, Jr. 
Thomas J. Reading 
Raymond C. Reese 
Ricardo Rivas-Roman 
Leslie E. Robertson 
Holger Rohfors . 
Sigmund Roos . ses 
Herbert M. Schwartz 
Burhl M. Scruggs . 
Paul Serfass 


L. Shector 

W. S. Shelton 
Robert S. Sherman . 
Roy S. Shimabukuro 
Jehangir C. Shroff . 
Stuart H. Snyder 

J. Antonio Thomen 
Floyd O. Slate 
Robert W. Smith 
Ralph W. Spencer 
W. N. Steinmann 
Willard Stevenson . 
Oliver F. Storx 
Anthony A. Styner . 
T. Tassios 

F. D. Taylor 

Pastor B. Tenchavez 
T. W. Thomas 

J. Antonio Thomen ... 
Sophus Thompson 

A. M. Thomson 
Sylvester J. Turley 
Ellis S. Vieser 
Bernardo Villegas 
Alan Whitting 

L. T. Willoughby 
Vernon S. Winkel . 
Eduardo Young 
Robto. Zepeda Aldana 
Eugene Zwoyer 
Stanley G. Zynda 
Pedro M. Bassim 
Walter E. Biessey .. 
Boris Bresler ... 
Mauricio Chedraui 
Haraldo D. Villela 
P. Q. Chin 

Miles N. Clair 
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William Coyle 

Karl T. Decker, Jr 
Arvind K. Desai 
George A. Dinsmore 
Haraldo Duarte V. 

H. H. Edwards 
Kenneth J. Griffith 
D. A. Guntin 

K. Hajnal-Konyi 
Thomas J. Hanson .... 
John P. Hollings 

M. W. Huggins 

Raja A. ILliya 

Clyde E. Kesler 
Simon Lamar 

Oscar Latorre M. ... 
Joachim F. Leppmann 
Leo Liberthson 

Carl F. Long . 
Patrick McNally 
Ernest C. Marmet 

R. Maroti 

Justo R. Masso 
Howard R. May 

O. H. Millikan rr 
Leopoldo Nieto-Casas 
Juan Papahiu Kaika . 
Feliciano R. Plaza 
Demetrios A. Polychrone 
J. Rodriguez Lebron 
Luis E. Rojas B. 
Ww. G. J. Ryan 
Nicarnor B. Santos 
Charles Ream Sargent .. 
Herbert A. Sawyer, Jr. . 
Robert F. Schoening . 
Javier S. Silva 

K. Sitaraman 

Jose A. Tabush 
Jeno F. Toppler 
Raul Rios Torres 

A. M. Tovar .... 

J. R. Perez Valentin 
Richard D. Walker . 
Cc. K. Wang 

J. H. Weaver .. . 
Richard E. Woodrin 
Carlos A. Young 
Lev Zetlin ‘ 
Abdul K. A. Ali 
Emmanuel Fthenakis 
Thomas F. Haran 
Eivind Hognestad 
Herbert P. Nilmeier 
Warren W. Allen, Jr 
Arsham Amirikian 
Carlos A. Asturias P. 
Chas. O. Baird, Jr. 
Ronald H. Banks 
William M. Barnum 
WwW. G. Beck snhee 
Carroll E. Bradberry 
Martin R. Brown, Jr. 
Gerald R. Brunstrom 
George R. U. Burg . 
Edward M. Burke 
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Raul S. Bustillos 
Celso A. Carbonell 
Gustavo Cartagena 

J. M. Charron 
David H. Cheng 
Geoffrey Chin 

Felix Colinas V. 

Paul S. Crandall 
Ramzi A. Dabbagh 
Michael Dacenko 
Jack F. Daily 
Clarence W. Dunham... 
Carl E. Ekberg, Jr. 
Arthur Feldman .... 
E. I. Fiesenheiser 
James R. Fincher . 
Israel Fogiel . 

Serop Garabedian . 
Enrique Garcia-Reyes 
Mudhafer A. Ghalib 
Om P. Goyal 

Valdis Grinsteins E. . 
Albert A. Guilford ..... 
Sidney A. Guralnick 
Robert J. Hansen 
Alvaro Hernandez F. 
George Hoenig ... 
George Hoenig, Jr. 
Cc. L. Hulsbos 

Daniel P. Jenny 

Ib Falk Jorgenson 
Dov Kaminetzky ... 
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H. P. Mittet 


Lin-Hing Ng 
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Satoshi Oishi 
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The Board of Direction approved applications 
in the following categories: 78 Individual, 3 Cor- 
poration, 12 Junior, and 21 Student, making a 
total of 114 new members. Considering losses due 
to deaths, resignations, retirements, and nonpay- 
ment of dues, the total membership on Nov. 1, 
1959, was 10,044. 


INDIVIDUAL 


ALVA VALLADARES, Jorge, Mexico, D. F., Mexi- 
co (Director de Construccion de Agua 
Potable y Alcantarillados) 

ANDERSON, CLAYTON O., Minneapolis, Minn. 
(Struct. Designer, Thorshov & Cerny, Inc.) 

Arturo, ULtoa O., Mexico D. F., Mexico (Chf. 
Proj. Engr., Comision Federal de Electrici- 
dad) 

Becuamps, E. N., Miami, Fla. 
Dade County) 

Bianco, Tgeoporo, Caracas, Venezuela 
Engr. & Insp., Compania Shell 
zuela) 

Bornstetn, N. Herman, Philadelphia, Pa. (B. 
Bornstein Builders) 

Brena Rico, Hector Francisco, Mexico, D. F., 
Mexico (Struct. Engr., Jose Incera Garde- 
azabal) 

Burcett, Lewis B., Guntersville, Ala. (C. E., 
Post Engr. Div., Redstone Arsenal, Ala.) 
Burroucus, Max A., Lincoln, Neb. (Partner, 

Olsson & Burroughs) 


(Struct. Engr., 


(Struct. 
de Vene- 
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John G. Kasnetsis 
H. L. Kasten . oe 
Thomas C. Kavanagh 
Robert G. Kennery 
Alpha E. Knapp 
Blas Lamberti . 
Pablo Lesevic V . 
Daniel S. Ling 
Simon Y. Lustig ... 
James A. McCarthy 
Henry McLain .. 

A. E. MacDonald . 
Hugo Mayorga P. 


David A. Mocabee . 
Jorge L. Molina M. 
Oreste Moretto . 
G. Nallakrishnan 


Paul W. Norton 


Luis Perez Olivares .. 
Carlos I. Ortiz . 

E. P. Pitman . 

Richard B. Pool 

Warren Raeder 

I. S. Rasmusson 

Jorge A. Ravard . Bays 
Theodore O. Reyhner .. 
Agustin A. Reyna 

Jose H. Rizo . 
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D. O. Robinson .. 

Grover L. Rogers 

Robert W. Rudy 

Peter Russell 

Quentin Rust 

W. G. Sanders . 

D. W. Schmidtke- 
Gersdorff . 

C. H. Scholer 

Martin Schulz 

F. W. Schutz 

Max Sittenfeld . 

William D. Smith 

Thomas E. Stelson 

Ss. B. Sujan ‘ 

Arthur W. Sweeton, 3rd. 

Jose R. Tain , 

McKinney V. Taylor .... 

C. Taylor Test . 

Robert E. Tobin .... 

Oscar J. Vago . 

S. H. Westby 

Edward L. Wilson, Jr. 

Ray A. Young. 

N. G. Zoldners . 

Antonio Zuniga A 

Joaquin Esquivel Y 

Calvin L. Garrett 

Fritz Leonhardt 

William G. Murphy 

Robert W. Watson 
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Cuoo, Artuur C. S., Hyde Park, Mass. (Struct. 
Engr., Hoyle, Doran & Berry) 

Cotost, Atpert V., Oakland, Calif. (C. E., West 
America Engrg. Co.) 

CRUICKSHANK Garcta, GrrarpDo, Mexico, D. F. 
Mexico (Sub Director de Proyectos y Labs.) 

DexuKaNn, Menpr, New York, N. (Struct. 
Engr., Amman & Whitney) c 

o- 


Drestro, FERNANDO BARRIGA DEL, 
lumbia (C. E.) 

Erickson, Haroitp J., Wausau, Wis. (City Engr., 
City of Wausau) 

Ferrerro A., ALFonso, Mexico, D. F., Mexico 
(Engr., Asesor Texcnico del Departmento 
de Ventas) 

Frecvoer, Joun E., London, England (Sales 
Engr., Dewey & Almy Overseas Div., W. R 
Grace & Co.) 

FLoop, James G., Chicago, Ill., (Partner, Engr., 
Walter H. Flood & Co.) 

Frisk, Viaprmir G., Schenectady, N. Y. (Ap- 
plication Engr., Struct. Cons., General Elec- 
tric Co.) 

GaMa, Vicente Guerrero Y, Mexico, D. F., 
Mexico (Chf., Dept. of Structures, Secre- 
taria de Obras Publicas, Direccion de Proy- 
ectos y Labs.) 

Gotamco, Benyamin C., Manila, Philippines 
(Vice-Pres. & Gen. Mgr., John Gotamco & 
Sons, Inc.) 

GrImM, GLENN E., Cooksville, Canada 
Pres., Argo Block Co., Ltd.) 

Guevara, Arturo, Mexico, D. F., Mexico (Sales 
Mgr., Tecnocreto S A) 

HERNANDEZ CAMARENA, ENRIQUE, Mexico, D. F., 
Mexico (Bldg. Constr.) 

Hertu, Cuester, Enid, Okla. (Struct. Designer, 
K. L. Sain & Assoc., Cons. Engr.) 
Hoerner, J. Everett, Visalia, Calif. (Arch & 
— Engr., Kaestner, Hoerner & Young, 

nc.) 


Bogota, 


(Vice- 
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Humserto, Cos M., Mexico, D. F., Mexico 
(Subdirector General, Engr., Direccion Gen- 
eral de Obras Maritimas, Secretaria de Ma- 
rina) 

Janowrt1z, Antuony A., Spring Lake Heights, 
N. J. (Sanitary Design Engr., John A. Ernst, 
Jr.) 

Jounson, Writ1aM E., Springfield, Mo. 
Prestressed Casting Co.) 

Kennepy, Georce A., Chicago, Il. 
Kennedy & Assoc.) 

Kuetn, James B., Los Angeles, Calif. (Cons., 
Planning & New Dev., Southwestern Port- 
land Cement Co.) 

Knuckey, A. J., Pinellas Park, Fla. 
Gulf Coast Testing Lab., Inc.) 

Koeroep, Kennetu H., Sacramento, Calif. (Asst. 
C. E., Dept. of Water Resources, Div. of 
Design & Constr.) 

Korac, VosKxo, Zagreb, Yugoslavia (Asst. Prof., 
Tech. Faculty, Institute for Testing Mtls.) 

LaNcrorp, Ceci. M., Nagoya, Japan (Chf. 
Soils Engr., Erik Floor & Assoc., Inc.) 

LARKIN, Joun F., New York, N. Y. (Assoc., 
Nussbaumer, Clarke & Velzy) 

LarnacH, Wri11am J., Bristol, England 
turer, Univ. of Bristol) 

Macein, Joun Epwarp, Croft, 
England (Sr. Arch. Asst., 
Brick & Concrete Co., Ltd.) 

Mattey, V. F., Monterey Park, Calif 
PCA) 

MALZAHN, Paut H., Hutchinson, Kan. 
Engr., Chalmers & Borton) 

MAncerA, GasrieL, Mexico, D. F., Mexico (Res 
Engr., Supv. of Constr., Comision Federal 
de Electricidad) 

MAntTeL, Bernuarp, Jersey City, N. J. 
Engr., Beck, Simon & Mantel) 

Matson, Jack B., Whittier, Calif 
Matson Assocs.) 

Matute R., Jorce, Guadalajara, Mexico 
McHucnh, James Hersert, Brooklyn, N. Y. 
(Struct. Draftsman, Youngson & Ciampa) 
MENA Ferrer, MANUEL, Mexico, D. F., Mexico 
(Engr., Comision Federal de Electricidad) 
Montes, A. R., Mexico, D. F., Mexico (Tech. 

Adviser, Aceros Ecatepec, S. A.) 

Nawy, Epwarp G., New Brunswick, N. J. 
(Asst. Prof. of Civil Engrg., Rutgers Univ.) 

Necrr, Emit A., Melbourne, Australia (Constr. 
Dir., A. Z. Concrete & Terrazzo Co., Ltd.) 

Pasunen, Lioyp A.. Portland, Ore. (Engr. & 
Megr., Prestress Div., Ross Island Sand & 
Gravel Co.) 

RAHMAN, MunAM™MaD Kuatit-UrR, Lahore, Pak- 
istan (Asst. Engr., West Pakistan Govt., 
Bidg & Roads Dept.) 

Rao, M. L. Supsa. Bihar, India (Asst. Engr., 
Constr. Engr., Damodar Valley Corp.) 

RickMaNn, Etwoop, Oakridge, Ore. (Home Bldg 
Contr.) 

Risserc, Hans, Malmo, Sweden, 
Statistical & Tech. Assn.) 

RrivaroLa, Apoitro, Milan, Italy (Cons. Engr.) 

SancHez-Treso, Roperto, Mexico, D. F., Mexi- 
co (Research Engr., Comision Federal de 
Electricidad) 

ScHLEMAN, Sypne, Middletown, N. Y. 
Schleman Assocs., Archs.) 

Scorr, Jack L., Oklahoma City, Okla. 
& Engr., Jack L. Scott & Assocs.) 

Sumazu, Satosut Don, Honolulu, Hawaii 
(Struct. Engr., Shimazu & Shimabukuro, 
Struct. Engrs.) 

Simm, Donato Hucn, Wellington, New Zealand 
(Design Engr., Borough Engr., Upper Hutt 
Borough Council) 

Stnna, S. N., Olympia, 
PWD, Gov't of India) 

Smurn, Lyte W., Fredericton, Canada (Constr. 
Engr., New Brunswick, Dept. of Pub. Wks.) 

Stires, E. M., Dexter, Mo. (Contr. & Mfr. of 
Precast & Prestressed Conc. Prods.) 

Sun, Leone Yoxe, Kuala Lumpur, 
(Tech. Rep., Cement Aids Ltd.) 
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Switters, Martin J., Salt Lake City, Utah 
(Sales Engr., Master Bidrs. Co.) : 
Te.tez Benorr, Luis, Mexico, D. F., Mexico 
(Chf, Urban Housing Dept., Nat. Housing 

Inst.) 

TEwFIK, Monamep Monsen, Auburn, Ala. 
(Dept. of Civil Engrg., Alabama Polytech- 
nic Inst.) 

Tuapant, N. M., New Delhi, India (Chf. Engr., 
Sahu Cement Service) 

TonkKING, Henry B., Jr., Whippany, N. J. (Res. 
Engr. on Constr., International Paper Co.) 

Torres H., Francisco, Mexico, D. F., Mexico 
(Tech. Dir., COCIEL Constructora Civil y 
Electrica) 

TreMaRI, Raut Gomez, Guadalajara, 
(Design Engr. & Contr.) 

VILLANUEVA Macias, Jesus, Mexico, D. F., Mex- 
ico (Arch.) 

Voore, Huco A., Everett, Wash. (Engr., Precast 
& Prestressed Conc. Dept., Associated Sand 
& Gravel Co.) 

Werxe., S. F., Baltimore, Md. 
S. F. Weikel & Assocs.) 

Yantis, Cuartes W., Fayetteville, Ark. (Assoc. 
Prof., Civil Engrg., Univ. of Ark.) 


Mexico 


(Struct. Engr., 


CONCRETE 
TESTERS 


The World’s Finest 
Low-Cost 
Precision Testers 
For 


CYLINDERS 


CUBES 


BLOCKS 
BEAMS 
PIPE 


; — TESTER 
iF IT'S A CONCRET 
YOU NEED-GET IN TOUCH WITH 


FORNEY’S, Inc. 


TESTER DIVISION 
P.0.BOX 310 - NEW CASTLE, PA. 
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Younc, Brian Ottver, Wellington, New Zealand 
(Pavement Engr., N. Z. PCA) 

Yu, I-t’an, Philadelphia, Pa. 
David Bloom) 


CORPORATION 


ENGINEERING LABORATORIES, INc., Ft. Lauderdale, 
Fla. (Leon Hollifield, Director) 

EvERMAN Propucts, Inc., Ft. Worth, Tex. 
neth Garrett, Jr., Pres.) 

PeTrrROLeos Mexicanos, Mexico, D. F., 
(Jose Calderon Cobos, Engr.) 


JUNIOR 


APRAHAMIAN, VAHE, Amman, Jordan 

Barn, Henry C., San Antonio, Tex. 
Struct. & Hydraulics) 

Crist, Ropert ANDREW, Jr., Albuquerque, N. M. 
(Design Engr., Supv. & Design of Hwys, etc., 
F. M. Limbaugh Engrg., Inc.) 

Farnsop, Nicotas, Mexico, D. F., Mexico (C. E.) 

Mast, Rosert FREDERICK, Tacoma, Wash. (Struct. 
Engr., Anderson, Birkeland & Anderson) 

Mrinvess, Mervyn, Willowdale, Ont. (Proj. 
Engr., Franki of Canada Ltd.) 

Morantz, Norman C., Bethlehem, Pa. 
Engr., Dominion Struct. Steel Co.) 

Muritto Detcapo, Enrique, Guatemala, 
mala (Mgr. Tabush-Murillo) 

Quan, CHoon Hvuat, Sydney, Australia 
Engr., Metropolitan Water 
Drainage Bd.) 

Sastry, V. Vasupeva, Champaign, Ill. (Asst. 
Prof. of Civil Engrg., Patiala Tech. Educa- 
tion Trust, India) 

Tecson, Juan T., Jr., Quezon City, Philippines 
(C. E., Est. Gen. Constr. & Design, Vinell- 
Belvoir) 

WrtraMs, Ricwarp L., Roanoke, Va. 
Designer, Thomas A. Hanson) 


STUDENT 


AKHTAR, SHEIKH-MAHMOOD, Bombay, 

Davee, Jerry Max, W. Lafayette, Ind. 
Univ.) 

GUENTHER, WILLIAM ALLAN, Rapid City, S. D. 
(S. D. School of Mines & Tech.) 

Harrison, JAMEs B., Jr., Gainesville, Fla. 
(Univ. of Fila.) 

Kanpoo, Asput Lar, Bahrain, Arabian Gulf 
(Hammersmith College of Building) 

Krerer, JoHN Cuartes, Notre Dame, Ind. 
of Notre Dame) 

KRISHNAMURTHY, N., Boulder, Colo. 
Inst. of Engrg., India) 

MatTTHEW, FLoyp L., nape City, S. D. 
School of Mines & Tech 

MEDINA, OTHON, JR., nialans 
Texas) 

Perna, Sitvio A., Caracas, Venezuela 

Porter, CHARLES Henry, Morgantown, W. Va. 
(W. Va. Univ.) 

PRASANNA SINHA, Brisxutt, Boulder, Colo 
of Colo.) 

PRASAD, RABINDRA SHEKAR, 
of Wis.) 
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Literature Available 

Pertinent details on the latest equipment and 

products on the market ore available in recently 

released literature. Exact titles of the booklets and 

catalogs are indicated in capital letters. They may 

be requested directly from the manufacturers listed 
below. 





THE PRESCON SYSTEM—Folder explains the 
advantages of prestressed cast-in-place con- 
crete tensioned by the Prescon System of 
post-tensioning in modern construction. Vari- 
ous examples of buildings under construction 
and detailing of tendon and transverse slab 
steel in place on a job using plywood forms 
are shown.—Prescon Corp., Corpus Christi, 
Tex. 


VOIDCRETE (Catalog 601)—Complete catalog 
on Elgood reusable inflatable rubber void 
forms for prestressed and precast products; 
Cast-in-place cored roof and floor slabs, 
bridge decks, columns, piers; drains; and 
monolithic sewers and pressure pipe.—Elgood 
Concrete Forms Corp., 378 Ten Eyck St., 
Brooklyn, NY. 


NONDESTRUCTIVE TESTING HANDBOOK— 
This handbook integrates the experience ac- 
quired throughout industry to date in select- 
ing, applying, and interpreting tests designed 
to improve performance reliability of equip- 
ment, to cut costs, to insure product quality 
or uniformity, to increase the utilization of 
materials, and reduce breakdowns and acci- 
dents. Edited by Robert C. McMaster of The 
Ohio State University with a board of 106 
contributing and consulting editors selected 
from this country and abroad. Organized in 
54 coordinated sections, the handbook offers 
hard-to-find guidance to those who conduct 
tests, prepare reports, and maintain records. 
Over 1200 charts, drawings, forms, and photo- 
graphs are included. $24 in 2 volumes.—The 
Ronald Press Co., 15 East 26th St., New York 
10, N.Y. 


NSA SLAG BLOCK MANUAL—Prepared by 
the National Slag Association to be of assist- 
ance to architects, builders, specification 
writers, and manufacturers of masonry units 
Provides specific information on the proper- 
ties of slag and the resultant masonry units; 
discusses acoustical properties. Tables furnish 
fire resistance and fire endurance ratings.— 
National Slag Association, 613 Perpetual Bldg., 
Washington 4, D.C. 


FROM MOUNTAINS TO MICRONS—Color, 
16-mm sound motion picture (25 min), 
Mountains to Microns” graphically 
the portland process of creating 
Shows how jet runways, rocket launching 
pads, highways, skyscrapers, bridges, and 
dams are made possible through the manu- 
facture and manipulation of cement. Avail- 


“From 
details 
cement 





NEWS LETTER 


Membership in the American Concrete Institute 


To facilitate prospective members in joining the Institute, membership 
application forms are provided. Present Members may aid by bringing 
these forms to the attention of those who may profit from membership 
advantages. All who have an interest in concrete are eligible for mem- 
bership. The grades of membership are described below. 

Members have at hand in Institute publications the most complete 
fund of knowledge on concrete. The ACI Journal provides them with 
the latest information and ACI special publications provide them with 
the complete picture of specific problems. Through conventions, and re- 
gional and area meetings, they are afforded the opportunity of meeting 
those whose experiences provide the new information, and of exchang- 
ing ideas with them. 

ACI’s world-wide membership is growing in extent and participation 
—traveling a common road toward better, more economical and durable 
concrete structures. ACI provides a common ground in the search for and 
use of new “working tools” in concrete design, manufacture, and erec- 
tion—and its interpretation. 


— U.S. and Possessions, Canada, Mexico, 
Individual Members ( Central America, and West Indies ) $20.00 


Individual Members (Ali other foreign countries) 16.00 
Corporation Members 65.00 
Junior Members—nonvoting (under 28) 10.00 
Contributing Members 135.00 
Student Members—nonvoting (under 28) 


Please enclose remittance with application (cut here) 


Board of Direction, American Concrete Institute Date_ 
P. O. Box 4754, Redford Station 
Detroit 19, Michigan 


The undersigned hereby applies for admission to the American Concrete Insti- 
tute as (1) Individual () Corporation [] Contributing — Junior (1) Student Mem- 
ber and agrees to be governed by the Charter and Bylaws. 

Name and complete mail address of proposed membership (Address to which Journal is to 
be mailed—please letter) — 


For Corporation Membership, ACI representative will be 


Date of Birth (Juniors and Students only) - — 
Year 


College or University attending (Students only) - 








(Date of graduation) ; , (Proposed by) 


Signature_ 


For our records, please complete both sides of application. 
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NOTES on Membership Classification 


The ACI advertising and editorial departments need definite information 
concerning job title, classification, business affiliation, and principal re- 
sponsibility of all members. Thus, the information requested on the clas- 
sification form below is especially important. 


The applicant should designate his title or position such as: construction 
superintendent, research director, technician, draftsman, structural engi- 
neer, inspector, plant superintendent, highway engineer. The occupation 
of the applicant should be that which is most frequently performed. The 
principal responsibility of the applicant is that specific area of his job 
for which he is primarily concerned. 


Classification is not based on what interests you, but on what you do— 
what office or job you fill. When completing the form below, please 
check the one item in each section that is most applicable to that par- 
ticular section. 


ACI editors want to know your interests—they welcome suggestions as 
to what you'd like to see discussed in the ACI Journal and of the pos- 
sible sources. Please attach a separate note or letter. 


MEMBER CLASSIFICATION 


jos TITLE —— 


OCCUPATION (Check the one most applicable) 
a Arch [] Engr Construction Supervision Cl Plant Management or Su- 
pervision [] Teaching [] Student [] Other (please state) 


EMPLOYER 

[_] Architect Contractor [] Consulting Engr [] Engr Firm [] Manufac- 
turer or Producer (specify product) 

Government f] Fed [|] State [] County [7 City [) Educational Institution 


[_] Commercial Testing Laboratory rT] Public Utility [] Trade Assn [] Library 
[] Other (please state) 


PRINCIPAL RESPONSIBILITY (Check the one most applicable) 

O Design [] Construction [| Consulting a Purchasing [] Sales [] Ad- 
vertising [] Research |} Administrative (state position) 

[] Other (please state) 


Do you [] Specify [] Authorize [] Recommend, purchase of materials or 
equipment? 


The ACI Membership Directory will be senf—as available—only on request. Check here 
if you wish to receive the latest edition. 0 





NEWS 


able on free loan to interested adult groups, 
high school and college classes throughout 
the country through courtesy of the Portland 
Cement Association.—Modern Talking Picture 
Service, 3 East 54th St., New York, N.Y. 


TECHNICAL SUPPLEMENT TO “THE TEST- 
ING WORLD”—Soiltest, Inc. has published a 
supplement featuring “The Story Behind the 
New Standard Sieve Specifications.” The ar- 
ticle covers sieve specifications from the first 
fixed ratio sieve series in 1910 to the recent 
publication by the American Society for 
Testing Materials of revised specifications for 
standard testing sieves, ASTM E-11-58.—Soil- 
test, Inc., 4711 W. North Ave., Chicago 39, Ill 


PATENTS AND INVENTIONS—AN INFOR- 
MATION AID FOR INVENTORS—Pamphlet 
published by the U. S. Patent Office contains 
basic information as to patenting and patent 
procedures, and related information which 
may prove helpful in the development and 
marketing of inventions. Single copy, 15 
cents.—Superintendent of Documents, U. S. 
Government Printing Office, Washington, D.C 


LETTER 





JACKSON & MORELAND, inc. 
JACKSON G MORELAND INTERNATIONAL, Inc. 


Engineers ar Itants 
Electrical—Mechanical—Structural 
Design and Supervision of Construction for 
Utility, Industrial and Atomic Projects 
Surveys—Appraisals—Reports 
Machine Design—Technical Publications 


Boston Washington New York 











EMERI-EPOX (Bulletin EX-1) — Properties, 
recommended applications, and special ad- 
vantages of Emeri-Epox, a floor surfacing 
and patching material combining emery and 
epoxy resins are set forth in 2-page bulletin 
Choice of available colors is listed.—Walter 
Maguire Co., Inc., 60 East 42nd St., New York 
17, N.Y. 


SCI CATALOG (No. 59A)—Contains illustra- 
tions and descriptions of 73 pieces of equip- 
ment manufactured as standard products by 
Custom Scientific Instruments, Inc. for pro- 
duction, control, and research.—Custom Sci- 
entific Instruments, Inc., Kearny, NJ. 





Jan. 18-20, 1960 — 11th An 
nual Meeting, National Con- 
crete Products Association 
(Canada), Royal Alexandria 
Hotel, Wéinnipeg, Ontario, 
Canada. 


Jan. 18-21, 1960 — 58th An- 
nual Convention, American 
Road Builders Association, 
Netherland Hilton Hotel, Cin- 
cinnati, Ohio 


Jan. 18-21, 1960 — Annual 
Convention, National Lime- 
stone Institute, Statler-Hilton 
Hotel, Washington, D. C. 


Jan. 24-28, 1960 4\st An- 
nual Meeting, Associated 
Equipment Distributors, Con- 
rad Hilton Hotel, Chicago, 
Hl. 


Jan. 25-28, 1960 — 11th An- 
nual Plant Maintenance and 
Engineering Conference and 
Exhibit, Convention Hall, 
Philadelphia 


Jan. 25-29, 1960—Stress Meas- 
urement Symposium,  Ari- 
zona State University, Tempe, 
Ariz. 





LOOKING AHEAD 


Feb. 1-5, 1960 —- Committee 
Week, American Society for 
Testing Materials, Hotel 
Sherman, Chicago, Ill. 


Feb. 15-19, 1960 — Annual 
Convention and Exposition, 
National Sand and Gravel As 
sociation, Conrad Hilton Ho 
tel and Coliseum, Chicago, 
Hl. 


Feb. 22-24, 1960 — Annual 
Convention and Exposition, 
National Crushed Stone As 
sociation, Conrad Hilton Ho 
tel, Chicago, III. 


Mar. 7-10, 1960 —52nd An- 
nual Convention, American 
Concrete Pipe Association, 
Fairmont Hotel, San _ Fran- 
cisco, Calif. 


Mar. 7-11, 1960 
leans Convention, American 
Society of Civil Engineers, 
Jung Hotel, New Orleans, La 


Mar. 14-17, 1960 — 56th An- 
nual Meeting, American Con- 
crete Institute, Commodore 
Hotel, New York, N. Y. 


New Or- 
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ALPHABETICAL LIST OF ADVERTISERS 


(Page Numbers refer to News Letter) 


Colorado Fuel & Iron Corporation, 
National Division — Wire Fabric 


Columbia-Southern Chemical Corporation 

Concrete Reinforcing Steel Institute 

Forney’s Inc., Tester Division 27 
Jackson & Moreland, Inc. 31 
Lone Star Cement Corporation Inside Front Cover 


Master Builders Company, The; 
Division, American-Marietta Company 


Presstite Division, 
American-Marietta Company 12 


Richmond Screw Anchor Company, Inc. 24 


The Institute assumes no responsibility for the claims of advertisers. The ad- 
vertiser is made responsible in the belief that his place in the field will be de- 
termined by the public’s ultimate measure of his exercise of that responsibility. 











NOTICE — Change of Address — NOTICE 


To avert any delay in receiving my ACI JOURNAL, | wish to give notice of a 
change in my mailing address. (PLEASE PRINT) 


New Address: 
Se aN ee ae Oe See 


Re SR Se Ele sae 

A EI eee =| lL 
Old Address: 

0 el Se Ee SL Soe, Re A SK, FO 
——e Se |e 








ACI 


Book of 
Standards 


1959 Edition 


Fifteen ACI Standards 
in One Book 


A collection of current ACI 
standards, recommended 
practices, and specifications. 
Your guide through a maze 
of construction problems. 


$5.00 
To ACI Members: $2.50 


Test Procedure to Determine 
Relative Bond Value of 
Reinforcing Bars 


(ACI 208-58) 


Recommended Practice for 
Evaluation of Compression 
Test Results of Field Concrete 
(ACI 214-57) 


Building Code Requirements 
for Reinforced Concrete 
(ACI 318-56) 


Design of Concrete Pavements 
(ACI 325-58) 


Reinforced Concrete Chimneys 
(ACI 505-54) 


Winter Concreting 
(ACI 604-56) 


Hot Weather Concreting 
(ACI 605-59) 


Selecting Proportions for Concrete 
(ACI 613-54) 


Selecting Proportions for 
Structural Lightweight Concrete 
(ACI 613A-59) 


Measuring, Mixing and 
Placing Concrete 
(ACI 614-59) 


Application of Portland 
Cement Paint 
(ACI 616-49) 


Concrete Pavements 
and Concrete Bases 
(ACI 617-58) 


Precast Concrete 
Floor and Roof Units 
(ACI 711-58) 


Construction of Concrete 
Farm Silos 
(ACI 714-46) 


Application of Mortar 
by Pneumatic Pressure 
(ACI 805-51) 





1960 ANNUAL MEETING — NEW YORK CITY — March 14-17 


THIS MONTH 


Papers and Reports 569-662 


56-34 Evaluation of Concrete and Mortar Mixes 
WILLIAM A. CORDON 


Influence of Design and Details on Concrete 
Deterioration P. D. MIESENHELDER 


Design of Beams Subject to Torsion Related to the New 
Australian Code HENRY J. COWAN 


Effect of Shear on Ultimate Strength of Rectangular 
Beams with Tensile Reinforcement 
GEOFFREY BROCK 


Determination of Calcium Sulfoaluminate in Cement 
Paste by Tracer Technique 
TOSHIO MANABE and NAOYA KAWADA 


Stresses in Deep Beams ELIHU GEER 


Current Reviews ................ 5 663-680 


News Letter 
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